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The RL78/G1D is a microcomputer incorporating the RL78 CPU core and low power consumption RF transceiver

supporting the Bluetooth ver.4.1 (Low Energy Single mode) specifications.

1. OUTLINE
1.1 Features

Low Power Technology (3.0V / MCU part: STOP )

* RF transmitter active: 4.3 mA (TYP.)

* RF receiver active: 3.5 mA (TYP.)

* RF sleep (POWER_DOWN mode) operation: 0.3 pA
(TYP.)

On-Chip RF Transceiver
« Bluetooth v4.1 Spec. (Low Energy, Single mode)
* 2.4 GHz ISM Band, GFSK modulation, TDMA/TDD
Frequency Hopping (included AES encryption circuit)
» Adaptivity, exclusively for use in operation as a
slave device
« Single ended RF interface

16-bit RL78 CPU Core

* CISC Architecture (Harvard) with 3-stage pipeline

* Minimum instruction execution time: Can be changed
from high speed (0.03125 ps: @ 32 MHz operation
with high-speed on-chip oscillator) to
ultra-low speed (30.5 ps: @ 32.768 kHz operation
with subsystem clock)

» Multiply Signed & Unsigned: 16 x 16 to 32-bit result in

1 clock cycle
« 1-wire on-chip debug function

Main Flash Memory
* 128 KB / 192KB / 256 KB (Block size: 1 KB)
» On-chip single voltage flash memory with protection
from block erase/writing
« Self-programming with secure boot swap function
and flash shield window function

Data Flash Memory

« Data Flash with background operation

« Data flash size: 8 KB size (Erase block size: 1 KB)
« Erase Cycles: 1 Million (typ.)

* Erase/programming voltage: 1.8 Vto 3.6 V

RAM

*12 KB/ 16KB / 20 KB size
 Supports operands or instructions
 Back-up retention in all modes

On-chip Oscillator

« High accuracy on-chip Oscillator for MCU

* 15kHz low-speed on-chip oscillator for MCU

» 32.768 kHzOn-chip oscillator for the RF slow clock

Data Memory Access (DMA) Controller
« Up to 4 fully programmable channels
« Transfer unit: 8- or 16-bit

Multiple Communication Interfaces
« I°C masterx2

* CSl/ SPI (7-, 8-bit) x2,

* UART (7-, 8-, 9-bit) x2

« Multi-master 1°C x1

Supply voltage Management

« Low voltage detection (LVD) with 12 setting options
(Notification to Interrupt and/or reset function)

« Power-on reset (POR) monitor/generator

Extended-Function Timers

¢ Multi-function 16-bit timers: 8 channels

* Real-time clock (RTC): 1 channel (full calendar and
alarm function with watch correction function)

¢ Interval Timer: 12-bit, 1 channel

« Watchdog timer: 1 channel (window function)

Rich Analog
« 8/10-bit resolution A/D converter (Vpp = 1.6 to 3.6 V)
¢ Analog input: 8 channels

« Internal voltage reference (1.45 V) and temperature
sensor™”®

Note Can be selected only in HS (high-speed main) mode

Safety Functions
* Comply with the IEC60730 and IEC61508 safety
standards

General Purpose /0
« 1/O port: 32 (N-ch open drain I/O [withstand voltage of
6 V]: 2, N-ch open drain I/O [VDD withstand voltage]: 9
« Different potential interface support: Can connect to a
1.8/2.5 V device

Standby function

¢ MCU part: Low power consumption mode: HALT,
STOP
Power saving mode: SNOOZE

* RF part :Low power saving mode with 6 setting (min.
0.1 pA)

Operating Voltage / Operating Ambient Temperature
1.6 Vto 3.6 V/-40 to +85°C

Package Type and Pin Count
48-pin HWQFN (6 x 6) (0.4mm pitch)

RO1DS0258EJ0110 Rev.1.10
Sep 25, 2015

Page 1 of 74
RENESAS



CHAPTER 1 OUTLINE

RL78/G1D
o ROM, RAM capacities
Flash ROM Data Flash RAM RL78/G1D
128 KB 8 KB 12 KB R5F11AGG
192 KB 8 KB 16 KB R5F11AGH
256 KB 8 KB 20 KB"*® R5F11AGJ
Note 19 KB when the self-programming function is used.
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RL78/G1D CHAPTER 1 OUTLINE

1.2 List of Part Numbers

Figure 1-1. Part Number, Memory Size, and Package of RL78/G1D

PartNo.R5F11A G GAXXXNB#20

Packing
#20 : Tray
#40 : Embossed Tape

L——— Package type:
NB : HWQFN, 0.40 mm pitch

ROM number (Omitted with blank products)

Fields of application:
A : Consumer applications, operating ambient temperature :Ta = - 40 to +85 °C
D : Industrial applications, operating ambient temperature : Ta = - 40 to +85 °C

ROM capacity:
G : 128KB
H: 192KB
J . 256 KB

Pin count:
G : 48-pin

RL78/G1D group

Memory type:
F : Flash memory

Renesas MCU

Renesas semiconductor product

Table 1-1. List of Ordering Part Numbers

Pin count Package Fields of Application™**® Ordering Part Number Code Flash Memory | Data Flash Memory
48 pins Plastic WQFN (6 x 6) A R5F11AGGANB#20 128 KB 8 KB
R5F11AGGANB#40
D R5F11AGGDNB#20
R5F11AGGDNB#40
A R5F11AGHANB#20 192 KB 8 KB
R5F11AGHANB#40
D R5F11AGHDNB#20
R5F11AGHDNB#40
A R5F11AGJANB#20 256 KB 8 KB
R5F11AGJANB#40
D R5F11AGJDNB#20
R5F11AGJDNB#40

Note For the fields of application, see Figure 1-1 Part Number, Memory Size, and Package of RL78/G1D.

Caution The ordering part numbers represent the numbers at the time of publication. For the latest ordering
part numbers, refer to the target product page of the Renesas Electronics website.
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RL78/G1D CHAPTER 1 OUTLINE

1.3 Pin Configuration (Top View)

e 48-pin plastic WQFN (6 x 6 mm, 0.4 mm pitch)
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Cautions 1. Connect the REGC pin to Vss via a capacitor (0.47 to 1 gF).
2. Connect the metal pad (GND1) on the back of the package that has the same potential as AVss_rr.

Remarks 1. For pin identification, see 1.4 Pin Identification.
2. Functions in parentheses in the above figure can be assigned via settings in the peripheral I/O redirection
register (PIOR)..
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RL78/G1D

CHAPTER 1 OUTLINE

1.4 Pin Identification

ANIO to ANI3,
ANI16 to ANI19:
ANT:

AVDD_RF:

AVREFM:
AVREFP:
AVss_RF:
CLKOUT_RF:

DCLIN:

DCLOUT:
EXCLK:

EXCLKS:

EXSLK_RF:
GND1:

GPIOO0 to GPIO3:

ICO, IC1:
INTPO, INTP3,
INTP5, INTP6:
P00 to P0O3:
P10 to P16:
P20 to P23:
P30:

P40:

P60, P61:
P120 to P124:
P130, P137:
P140, P147:

Analog input

Antenna connection
Power supply for RF

analog

Analog reference voltage

minus

Analog reference voltage

plus

Ground for RF analog

Clock output

DC-DC converter inductor
and DCLOUT capacitor
DC-DC converter output
External clock input

(Main system clock)
External clock input
(Subsystem clock)
External slow clock input
Package exposed die pad

GPIO at RF unit
Internal circuit

External interrupt input

Port 0
Port 1
Port 2
Port 3
Port 4
Port 6
Port 12
Port 13
Port 14

PCLBUZO:

REGC:
RFCTLEN:
RTC1HZ:

RESET:

RxDO, RxD1:
SCLAOQ:
SCKO00, SCK20,
SCLO00, SCL20:

SDAAO, SDAOQO, SDA20:

SI00, SI20:
S000, SO20:
TI00 to TIO7:
TOO00 to TOO7:
TOOLO:

TOOLRXD, TOOLTXD:

TxDO, TxD1:
TXSELL_RF,
TXSELH_RF:
Vob:

VDD_RF:

Vss:

Vss_RF:

X1, X2:

XT1, XT2:
XTAL1_RF,
XTAL2_RF:

Programmable clock output/buzzer
output

Regulator capacitance

RF control enable

Real-time clock correction clock

(1 Hz) output

Reset

Receive data

Serial clock input/output

Serial clock output

Serial data input/output

Serial data input

Serial data output

Timer input

Timer output

Data input/output for tool

Data input/output for external device
Transmit data

External PA/LNA control

Power supply

Power Supply for RF

Ground

Ground for RF

Crystal oscillator (Main system clock)
Crystal oscillator (Subsystem clock)
Crystal oscillator (RF clock)
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RL78/G1D

CHAPTER 1 OUTLINE

1.5 Block Diagram

TIO0/POO ——=
TOO00/P01 =

TI01/TO01/P16 =~

(TI02/TO02/P15) ~—1f =

(TI03/TO03/P14) =™

(TI04/TO04/P13) «—{=|

TIMER ARRAY
UNIT (8ch)

ch0

chl

ch2

ch3

ch4

-

PORT 0 P00 to PO3

PORT 1 P10 to P16

PORT 2 P20 to P23

RN

PORT 3 P30

PORT 4 P40

I

(TIO5/TO05/P12) P* ” P60, P61
K— P120
|| CODE FLASH MEMORY H
(TI07/TO07/P10) ch7 ?:;75 NN K PORT 12 : 191 to P124
core [— DATA FLASH MEMORY PORT 13 P130
WINDOW — ~— P137
WATCHDOG @
TIMER porT14 K 2> P140, P147
LOW-SPEED
oncHip || 12 BIT INTERVAL 1o @ ANIO/P20 to
OSCILLATOR TIMER ANI3/P23
REALTIVE i ANI16/P03, ANI17/P02,
) <> H| AID CONVERTER ANI18/P147, ANI19/P120
RTC1HZ/P30 ~—— CLOCK RAM
AVRerp/P20
AVrerm/P21
SERIAL ARRAY
UNITO (4ch) POWER ON
POR/LVD
RESET/VOLTAGE
st I
RXD1/P03 ——{~] UARTL - SERIAL SCLAO/P60(SCLAO/P14)
TXD1/P02 =— - INTERFACE IICAQ [«—+ SDAAO/P61(SDAAO/P13) IN p——
SCK00/P10 i
SI00/P11 csloo
SO00/P12 BUZZER OUTPUT I
SCLO0/P10 -} 1000 <::‘> _________ |~ PCLBUZO/P140 H TOOLO/P40
SDA0O/P11 ~— CLOCK
OUTPUTCONTROL ovs
YSTEM |~ RESET
CONTROL  [+—— X1/P121
MULTIPLIER&
SERIAL ARRAY «——
UNIT1 (2¢h) (5| DVIDER CRC <> HIGH-SPEED X2/EXCLK/P122
SCK20/P15 MULITIPLY- ON-CHIP [+— XT1/P123
ooyt csi20 ACCUMULATOR OSCILLATOR| .| \1oexcLkspioa
S020/P13
DIRECT MEMORY
VOLTAGE
SCL20/P15 ~— 11C20 @ <:> ACCESS CONTROL REGULATOR REGC
SDA20/P14 ~—
csi21 BCD
- ADJUSTMENT INTPO/P137
L INTERRUPT INTP3/P30
1 CONTROL [~—— INTP5/P16
_ - l—— INTP6/P140
SCK21/P70 S021/P72
SI21/PT1 ‘ P0G 505 | | P74 INT_RF
1
SPI | CONTROL
GPIOOITXSELH_RF RFCTLEN
GPIO1/TXSELL_RF+—| 32.768 kHz RF TRANSCEIVER (RF Unit) XTAL1_RF
GPIO2/CLKOUT_RF+——»{ o SCNI-LCL:'T%R XTAL2_RF
GPIO3/EXSLK_RF DCLIN
ANT DCLOUT
Ico, IC1

TOOLRXD/P11, Voo Vss
TOOLTxD/P12
Vob_rF Vss_ R
AVpp_RF AVss_rr

GND1

Remark Functions in parentheses in the above figure can be assigned via settings in the peripheral 1/O redirection
register (PIOR).
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RL78/G1D

CHAPTER 1 OUTLINE

1.6 Outline of Functions

Caution This outline describes the functions at the time when Peripheral I/O redirection register (PIOR) is set
to OOH.
(1/2)
Iltem R5F11AGG R5F11AGH R5F11AGJ
Code flash memory 128 KB 192 KB 256 KB
Data flash memory 8 KB 8 KB 8 KB
RAM 12 KB 16 KB 20 kB!
Address space 1MB
System clock (RF side) 32 MHz
<R> Main system | High-speed system X1 (crystal/ceramic) oscillation, external main system clock input (EXCLK)
clock clock HS (High-speed main) mode: 1 to 20 MHz (Vpp = 2.7 t0 3.6 V),
HS (High-speed main) mode: 1 to 16 MHz (Vpp = 2.4 10 3.6 V),
LS (Low-speed main) mode: 1 to 8 MHz (Vpp = 1.8 10 3.6 V),
LV (Low-voltage main) mode: 1 to 4 MHz (Vpp = 1.6 t0 3.6 V)
High-speed on-chip HS (High-speed main) mode: 1 to 32 MHz (Voo = 2.7 to 3.6 V),
oscillator HS (High-speed main) mode: 1 to 16 MHz (Voo = 2.4 t0 3.6 V),
LS (Low-speed main) mode: 1to 8 MHz (Voo =1.810 3.6 V),
LV (Low-voltage main) mode: 1 to 4 MHz (Voo = 1.6 to 3.6 V)
Subsystem clock XT1 (Crystal) oscillation, External main system clock input (EXCLKS)
<R> 32.768 kHz
RF slow clock External input External clock input for RF block (EXSLK_RF) 32.768 kHz (TYP.)
On-chip 32.768 kHz (TYP.)
Oscillator
Low-speed on-chip oscillator 15 kHz (TYP.)
General-purpose register (8-bit register x 8) x 4 banks
Minimum instruction execution time 0.03125 us (High-speed on-chip oscillation clock: fi = 32 MHz operation)
0.05 us (High-speed system clock: fux = 20 MHz operation)
30.5 us (Subsystem clock: fsus = 32.768 kHz operation)
Instruction set o Data transfer (8/16 bits)
¢ Adder and subtractor/logical operation (8/16 bits)
¢ Multiplication (8 bits x 8 bits)
¢ Rotate, barrel shift, and bit manipulation (Set, reset, test, and Boolean operation), etc.
1/0 port Total 3N
CMOS 1I0 20N ?
CMOS input ghote2
CMOS output hote 2
<R> N-ch O.D. I/0 2
(withstand voltage: 6 V)
GPIO (RF block) 4
2.4 GHz RF transceiver Supporting Bluetooth v4.1 Specification (Single mode).
2.4 GHz ISM Band, GFSK modulation, TDMA/TDD frequency hopping
(Including AES encryption circuit.)
<R> Adaptivity (Only in slave operation)
Timer 16-bit timer 8 channels
Watchdog timer 1 channel
Real-time clock (RTC) | 1 channel
12-bit interval timer 1 channel
(Notes are listed on the next page.)
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RL78/G1D CHAPTER 1 OUTLINE

Notes 1. Thisis about 19 KB when the self-programming function is used.
2. When RF is used, this count includes the pins that connect the MCU with the RF transceiver by the user
externally on the board.
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RL78/G1D

CHAPTER 1 OUTLINE

(2/2)
Item R5F11AGG R5F11AGH R5F11AGJ
Timer Timer output | 8 channels (PWM outputs: 7" H)Nte?
RTC output 1 channel
1 Hz (subsystem clock: fsue = 32.768 kHz)
Clock output/buzzer output e

e 2.44 kHz, 4.88 kHz, 9.76 kHz, 1.25 MHz, 2.5 MHz, 5 MHz, 10 MHz
(Main system clock: fwan = 20 MHz operation)

e 256 Hz, 512 Hz, 1.024 kHz, 2.048 kHz, 4.096 kHz, 8.192 kHz, 16.384 kHz, 32.768 kHz
(Subsystem clock: fsus = 32.768 kHz operation)

RF unit
(Clock output)

e 16 MHz, 8 MHz, 4 MHz

8/10-bit resolution A/D converter

8 channels

Serial interface

o CSl/simplified I’C/UART: 1 channel
e CSl/simplified I°C: 1 channel

e UART: 1 channel
e CSI: 1 channel (dedicated for internal communications)

I°C bus

1 channel

Multiplier and divider/multiply-
accumulator

Multiplication: 16 bits x 16 bits = 32 bits (Unsigned or signed)
Division: 32 bits + 32 bits = 32 bits (Unsigned)
Multiply-accumulate: 16 bits x 16 bits + 32 bits = 32 bits (Unsigned or signed)

DMA controller 4 channels

Vectored interrupt | Internal 29

sources External 4

Reset e Reset by RESET pin

e Internal reset by watchdog timer

e Internal reset by power-on-reset

e Internal reset by voltage detector

e Internal reset by illegal instruction execution
e Internal reset by RAM parity error

* Internal reset by illegal-memory access

Note 4

Power-on-reset circuit

e Power-on-reset: 1.51 (TYP.)

e Power-down-reset: 1.50 (TYP.)

Voltage detector

e Rising edge : 1.67 V to 3.13 V (12 stages)
o Falling edge : 1.63 V to 3.06 V (12 stages)

On-chip debug function

Provided

Power supply voltage

Vobo = 1.6 t0 3.6 V (Voo =1.8 to 3.6 V on usage of DC-DC converter)

Operating ambient temperature

Ta=-40to +85°C

Package

48-pin QFN (6 x 6), (0.4 mm pitch)

Notes 1.

The number of outputs varies, depending on the setting of channels in use and the number of the master

(see 7.9.3 Operation as multiple PWM output function).
2. When setting to PIOR0 = 1
3. When RF is used, this count includes the pins that connect the MCU with the RF transceiver by the user

externally on the board.

4. The illegal instruction is generated when instruction code FFH is executed. Reset by the illegal instruction

execution not issued by emulation with the on-chip debug emulator.
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RL78/G1D 2. ELECTRICAL SPECIFICATIONS

2. ELECTRICAL SPECIFICATIONS

Caution The RL78 microcontrollers have an on-chip debug function, which is provided for development
and evaluation. Do not use the on-chip debug function in products designated for mass
production, because the guaranteed number of rewritable times of the flash memory may be
exceeded when this function is used, and product reliability therefore cannot be guaranteed.
Renesas Electronics is not liable for problems occurring when the on-chip debug function is used.
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RL78/G1D 2. ELECTRICAL SPECIFICATIONS

2.1 Absolute Maximum Ratings

Absolute Maximum Ratings (Ta = 25°C) (1/2)

Parameter Symbols Conditions Ratings Unit
Supply voltage Voo Voo -0.5t0 +6.5
VbDRF1 Vbb_RF -0.5to +4.0 \Y
\/DDRF2 AVDD_RF -0.5t0 +4.0 \Y
\/DDRF3 DCLIN -0.5to +4.0 \%
Vssrr Vss_rr, AVss_RF -0.5t0 +0.3 \Y
Input voltage Vi P00, P01, P02, PO3, P10, P11, P12, P14, P15, P16, P20, -0.3 to Vop+0.3M'! \Y

P21, P22, P23, P30, P40, P120, P121, P122, P123, P124,
P137, P140, P147, RESET

Viz P60, P61 -0.3t0 +6.5 \%
VIrRF1 GPIOO0, GPIO1, GPIO2, GPIO3 —0.3 to Voo_re+0.3 N2 \%
Virr2 ANT -05t0+1.4 \%
Output voltage Vo P00, P01, P02, P03, P10, P11, P12, P14, P15, P16, P20, -0.3 to Vpp+0.3 Nt \%
P21, P22, P23, P30, P40, P60, P61, P120, P130, P140, P147
Vorr GPIOO0, GPIO1, GPIO2, GPIO3, DCLOUT —0.3 to Vop_re+0.3 0% ? \%
Analog input Vai ANIO, ANI1, ANI2, ANI3, ANI16, ANI17, ANI18, ANI19 —-0.3 to Voo+0.3 and
voltage —0.3 10 Vrer(+0.3N0tes 2.4
REGC pin input Virecc REGC -0.3to +2.8 and Vv
voltage -0.3 to Vop+0.3'®
IC pin input Vic ICO, IC1 -0.5t0 +0.3 \%

voltage

Notes 1. Must be 6.5 V or lower.
2. Must be 4.0 V or lower.
3. Connect the REGC pin to Vss via a capacitor (0.47 to 1 yF). This value regulates the absolute
maximum rating of the REGC pin. Do not use this pin with voltage applied to it.
4. Do not exceed AVRrer(+) + 0.3 V in case of A/D conversion target pin.

Caution Product quality may suffer if the absolute maximum rating is exceeded even momentarily for any
parameter. That is, the absolute maximum ratings are rated values at which the product is on the verge
of suffering physical damage, and therefore the product must be used under conditions that ensure that
the absolute maximum ratings are not exceeded.

Remarks 1. Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port
pins.
AVrer + : + side reference voltage of the A/D converter.
3. Reference voltage is Vss.
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RL78/G1D

2. ELECTRICAL SPECIFICATIONS

Absolute Maximum Ratings (Ta = 25°C) (2/2)

Parameter Symbols Conditions Ratings Unit
Output current, | lonz Per pin (This is applicable to all pins listed below.) -40 mA
high Total of all pins P00, PO1, P02, P03, P40, P120, P130, P140 -70 mA

-170mA P10, P11, P12, P13, P14, P15, P16, P30, P147 -100 mA
lon2 Per pin (This is applicable to all pins listed below.) -0.5 mA
Total of all pins P20, P21, P22, P23 -2 mA
loHMRF Per pin GPIOO0, GPIO1, GPIO2, GPIO3 -17 mA
Output current, | loL1 Per pin (This is applicable to all pins listed below.) 40 mA
low Total of all pins P00, P01, P02, P03, P40, P120, P130, P140 70 mA
170mA P10, P11, P12, P13, P14, P15, P16, P30, P60, P61, 100 mA
P147
loL2 Per pin (This is applicable to all pins listed below.) 1 mA
Total of all pins P20, P21, P22, P23 5 mA
loLrr Per pin GPIOO0, GPIO1, GPIO2, GPIO3 17 mA
Operating Ta In normal operation mode —40 to +85 °C
ambient In flash memory programming mode —40 to +85 °C
temperature
Storage Tstg —65 to +150 °C
temperature

Caution Product quality may suffer if the absolute maximum rating is exceeded even momentarily for any

parameter. That is, the absolute maximum ratings are rated values at which the product is on the verge

of suffering physical damage, and therefore the product must be used under conditions that ensure that
the absolute maximum ratings are not exceeded.

Remarks 1.

Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port

pins.

AVrer + : + side reference voltage of the A/D converter.

Reference voltage is Vss.
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RL78/G1D

2. ELECTRICAL SPECIFICATIONS

2.2 Operating Voltage

(Ta=-40to +85°C, Vop = Vob_rF = AVDD _RF, Vss = Vss_rrF= AVss_rr=0 V)

Clock generator

Flash operation mode

Operation voltage

CPU operation clocks

(fCLK)Note 1

Main system clock
(fmain)

High-speed on-chip oscillator

(fir)

HS (high-speed main) mode

27V<Vop<36V

1 MHz to 32 MHz

24V <Vop<27V

1 MHz to 16 MHz

LS (low-speed main) mode

1.8V<Vop<3.6V

1 MHz to 8 MHz

LV (low-voltage main) mode "**®?

1.6V<Vop<3.6V

1 MHz to 4 MHz

X1 clock oscillator (fx)

HS (high-speed main) mode

27V<Vop<36V

1 MHz to 20 MHz

LS (low-speed main) mode

1.8V<Vop<3.6V

1 MHz to 8 MHz

LV (low-voltage main) mode “°*¢?

16V<Vop<3.6V

1 MHz to 4 MHz

External main system clock
(fex)

HS (high-speed main) mode

27V<Vop<36V

1 MHz to 20 MHz

24V <Vop<27V

1 MHz to 16 MHz

LS (low-speed main) mode

18V<Vop<36V

1 MHz to 8 MHz

LV (low-voltage main) mode™°*2

1.6V<Vop<3.6V

1 MHz to 4 MHz

Subsystem clock
(fsus)

XT1 clock oscillator (fxr)

16V<Vop<3.6V

32.768 kHz

External subsystem clock
(fext)

16V<Vop<3.6V

32.768 kHz

Notes 1.

Indicates only permissible oscillator frequency ranges. Refer to AC Characteristics for instruction execution

time.Request evaluation by the manufacturer of the oscillator circuit mounted on a board to check the

oscillator characteristics.
2. This mode is prohibited to use in case of using DC-DC converter.
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RL78/G1D 2. ELECTRICAL SPECIFICATIONS

2.3 Oscillator Characteristics

2.3.1 X1, XT1, XRF oscillator characteristics

(TA=-40t0 +85°C, 1.6 V < Vob = Vop_rrF = AVop_RF £ 3.6 V, Vss = Vss_rr = AVss_rr = 0 V)

Parameter Symbol Conditions MIN. | TYP. | MAX. [ Unit

X1 clock oscillation Ceramic resonator | fx 27V<Vop<3.6V 1 20 MHz
frequency™* Crystal resonator 18V <Vop <27V 1 8 MHz
1.6V<Vop<18V 1 4 MHz

XT1 clock oscillation frequency™**®* fxr 32 |32.768| 35 kHz
RF base clock oscillation frequency™**® 2 fxre 32 MHz
RF base clock oscillation frequency fxrep -20 +20 ppm

accuracy™*'®?

Notes 1. Indicates only permissible oscillator frequency ranges. Refer to AC Characteristics for instruction execution
time.
Request evaluation by the manufacturer of the oscillator circuit mounted on a board to check the oscillator
characteristics.
2. This Oscillator characteristics is base clock for RF Transceiver.

Caution Since the CPU is started by the high-speed on-chip oscillator clock after a reset release, check the X1
clock oscillation stabilization time using the oscillation stabilization time counter status register
(OSTC) by the user.
Determine the oscillation stabilization time of the OSTC register and the oscillation stabilization time
select register (OSTS) after sufficiently evaluating the oscillation stabilization time with the resonator
to be used.

2.3.2 On-chip oscillator characteristics

(TA=-40to +85°C, 1.6 V < Vop = Vop_rF = AVop_RF £ 3.6 V, Vss = Vss_rr = AVss_rr = 0 V)

Oscillators Symbol Conditions MIN. TYP. MAX. Unit
High-speed on-chip oscillator clock fin 1 32 MHz
frequency™°'® 2
<R> High-speed on-chip oscillator clock five -20to +85°C |1.8V <Vpp<3.6V -1.5 +1.5. %
frequency accuracy 1.6V <Vpp <1.8V 50 +5.0 %
-401t0-20°C [1.8V<Vpp<3.6V -2.5 +2.5. %
1.6 V<Vpp<1.8V -5.5 +5.5 %
Low-speed on-chip oscillator clock fiL 15 kHz
frequency "3
Low-speed on-chip oscillator clock fiLe -15 +15 %
frequency accuracy
On-chip oscillator clock frequency for the fiLre 32.768 kHz
RF slow clock™”*®?
On-chip oscillator clock frequency accuracy | fiirep -0.025 0.025 %
for the RF slow clock

Notes 1. High-speed on-chip oscillator frequency is selected by bits 0 to 3 of option byte (000C2H/010C2H) and bits O
to 2 of HOCODIV register.
2. This indicates the oscillator characteristics only. Refer to AC Characteristics for instruction execution time.
3. This indicates the oscillator characteristics only.
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RL78/G1D 2. ELECTRICAL SPECIFICATIONS

2.4 DC Characteristics

2.4.1 Output current

(TA=-40to +85°C, 1.6 V < Vop = Vbop_RF = AVDD_RF L 3.6 V, Vss = Vss_rrF = AVss_rr = 0 V)

Iltems Symbol Conditions MIN. [ TYP. MAX. Unit
Output current, | lort P00, P01, P02, P03, P10, P11, P12, Perpin |[16V<Vop<3.6V -10.0""¢2 | mA
high"°®* P13, P14, P15, P16, P30, P40, P120,

P130, P140, P147

P00, P01, P02, P03, P40, P120, P130, | Total™*®*| 2.7 V<Vop<3.6 V -10.0 mA

P140 1.8V <Voo<27V 5.0 mA

1.6V <Vop<1.8V 25 mA

P10, P11, P12, P13, P14, P15, P16, | Total™*®*| 2.7V <Vop<3.6V -19.0 mA

P30, P147 1.8V <Voo<27V ~10.0 mA

1.6V <Vop<1.8V -5.0 mA

Total of all pins"**®? 1.6V<Vop<3.6V -135.0M"%* | mA

loHz P20, P21, P22, P23 Perpin |1.6V<Vop<3.6V —0.1"¢2 | mA

Total ™3| 1.6 V<Vop<3.6 V -15 mA

loHRF GPIOO0, GPIO1, GPIO2, GPIO3 Per pin 1.6 V<VobRrF<3.6V -2.0 mA

Output current, loLt P00, P01, P02, P03, P10, P11, P12, | Perpin |[1.6V<Vop<3.6V 20.0™"*? | mA

low"e? P13, P14, P15, P16, P30, P40, P120,

P130, P140, P147

P60, P61 Perpin |1.6V<Vop<3.6V 15.0""¢? | mA

P00, P01, P02, P03, P40, P120, P130, | Total™®*| 2.7 V<Vop<3.6 V 15.0 mA

P140 1.8V <Vop<27V 9.0 mA

1.6V <Vop<1.8V 45 mA

P10, P11, P12, P13, P14, P15, P16, | Total™®*| 2.7V <Vop<3.6V 35.0 mA

P30, P60, P61, P147 1.8V <Voo<27V 20.0 mA

1.6V <Vop<1.8V 10.0 mA

Total of all pins"**®? 1.6V<Vop<3.6V 150.0 mA

loL2 P20, P21, P22, P23 Perpin |1.6V<Vop<3.6V 0.4M%2 | maA

Total ™3| 1.6 V<Vop<3.6 V 5.0 mA

loLrr GPIOO0, GPIO1, GPIO2, GPIO3 Per pin 1.6 V<VobRrF<3.6V 2.0 mA

Notes 1. Value of current at which the device operation is guaranteed even if the current flows from the Voo pin to an
output pin.
2. However, do not exceed the total current value.
3. Specification under conditions where the duty factor < 70%.
The output current value that has changed to the duty factor > 70% the duty ratio can be calculated with the
following expression (when changing the duty factor from 70% to n%).
e Total output current of pins = (lon x 0.7)/(n x 0.01)
<Example> Where n = 50% and loH = —=10.0 mA
Total output current of pins = (-10.0 x 0.7)/(50 x 0.01) =-14.0 mA
However, the current that is allowed to flow into one pin does not vary depending on the duty factor. A
current higher than the absolute maximum rating must not flow into one pin.
4. Product for industrial applications (R5F11AGGDNB, R5F11AGHDNB, R5F11AGJDNB) is —100.0 mA.

(Caution and Remark are listed on the next page.)
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RL78/G1D 2. ELECTRICAL SPECIFICATIONS

Caution P00, P02, P03, and P10 to P15 do not output high level in N-ch open-drain mode.

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port
pins.

2.4.2 Input current

(TA=-401to +85°C, 1.6 V < Vbp = Vbop_RF = AVDD_RF L 3.6 V, Vss = Vss_rRF = AVss_rr = 0 V)

Items Symbol Conditions MIN. TYP. MAX. Unit
Input voltage, high | Vin P00, P01, P02, P03, P10, P11, | Normal mode (lth. = 1) 0.8Vop Vop \%
P12, P13, P14, P15, P16, P30,
P40, P120, P130, P140, P147
ViH2 P01, PO3, P10, P11, P13, P14, | TTL mode 2.0 Vob \Y
P15, P16 3.3V<Vop<3.6V
TTL mode 1.5 Vob \%
1.6 V<Vop < 3.3V
ViH3 P20, P21, P22, P23 0.7Vop Voo \Y
ViH4 P60, P61 0.7Vop 6.0 \Y
ViHs P121, P122, P123, P124, P137, RESET 0.8Vop Vob \%
VIHRF GPIOO0, GPIO1, GPIO2, GPIO3 0.85Vop_RF Vbb_RF \Y
Input voltage, low | Vil P00, P01, P02, P03, P10, P11, | Normal mode (lth. = 1) 0 0.2Vop \%
P12, P13, P14, P15, P16, P30,
P40, P120, P140, P147
Viz P01, PO3, P10, P11, P13, P14, | TTL mode 0 0.5 \Y
P15, P16 3.3V<Vop<3.6V
TTL mode 0 0.32 \%
1.6 V<Vop < 3.3V
Vis P20, P21, P22, P23 0 0.3Vop \%
ViLa P60, P61 0 0.3Vop \Y
Vis P121, P122, P123, P124, P137, RESET 0 0.2Vop \%
ViLre GPIO0, GPIO1, GPIO2, GPIO3 0 0.1Voo_rF \Y

Caution The maximum value of Vi1 of pins P00, P02, P03, and P10 to P15 is Vob, even in the N-ch open-drain
mode.

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port
pins.
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RL78/G1D 2. ELECTRICAL SPECIFICATIONS

2.4.3 Output voltage

(TA=-40to +85°C, 1.6 V < Vop = Vbop_RF = AVDD_RF L 3.6 V, Vss = Vss_rrF = AVss_rr = 0 V)

Iltems Symbol Conditions MIN. TYP. | MAX. | Unit
Output VoH1 lon =-2.0 mA | P00, P01, P02, P03, P10, 27V<Vop<3.6V Voo — 0.6 \Y
voltage, lon=-1.5mA | P11, P12, P13, P14, P15, |1 gy cvpp<36V Voo - 0.5 v
high P16, P30, P40, P120, P140,

lon =-1.0 mA 1.6V<Vop<3.6V Vobo — 0.5 \Y
P147
lon = -10 pA P130 Voo - 0.3 \%
Von2 lon = -100 pA | P20, P21, P22, P23 Voo — 0.5 \Y
Vonrr | lon =-2.0 mA | GPIOO, GPIO1, GPIO2, 2.7V <VobRrr<3.6V Vob_rF — 0.3 \Y
lon=-1.5mA | GPIO3 1.8V<Voorr<3.6V | Voore —0.3 v
Output VoL1 lo. =3.0 mMA P00, P01, P02, P03, P10, 2.7V<Vop<3.6V 0.6 \Y
voltage, low loL = 1.5 mA P11, P12, P13, P14, P15, 0.4 v
P16, P30, P40, P120, P130,
lo. = 0.6 mMA P140, P147 1.8V<Vop<3.6V 0.4 \Y
lo. = 0.3 mA 1.6V<Vop<36V 0.4 \%
VoL2 loL =400 pA P20, P21, P22, P23 0.4 \Y
VoLRrF GPIOO0, GPIO1, GPIO2, GPIO3 0.3 \

Caution P00, P02, P03, and P10 to P15 do not output high level in N-ch open-drain mode.

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port
pins.
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RL78/G1D

2. ELECTRICAL SPECIFICATIONS

2.4.4 Input leakage current

(TA=-40to +85°C, 1.6 V < Vop = Vbop_RF = AVDD_RF L 3.6 V, Vss = Vss_rrF = AVss_rr = 0 V)

Iltems Symbol Conditions MIN. TYP. MAX. Unit
Input leakage current, | lun VI = Voo P00, P01, P02, P03, P10, P11, P12, P13, P14, 1 pA
high P15, P16, P30, P40, P60, P61, P120, P140,
P147
ILH2 VI = Voo P20, P21, P22, P23, P137, RESET 1 pA
ILims VI = Voo P121, P122, P123, In input port 1 pA
P124 (EXCLK, In external clock input 1 pA
EXCLKS) (XT1, XT2) -
In resonator connection 10 pA
ILIHRF VI = Vob_rr GPIOO0, GPIO1, GPIO2, GPIO3 10 pA
Input leakage current, | luut VI = Vss P00, PO1, P02, P03, P10, P11, P12, P13, P14, -1 pA
low P15, P16, P30, P40, P60, P61, P120, P140,
P147
luiz VI = Vss P20, P21, P22, P23, P137, RESET -1 pA
ILis VI = Vss P121, P122, P123, In input port -1 pA
P124 (EXCLK, In external clock input -1 pA
EXCLKS) (XT1, XT2) -
In resonator connection -10 pA
ILiLRE VI = Vss rr GPIOO, GPIO1, GPIO2, GPIO3 -10 pA

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port

pins.

2.4.5 Resistance

(TA=-40to +85°C, 1.6 V < Vbp = Vbop_RF = AVDD_RF < 3.6 V, Vss = Vss_rrF = AVss_rr = 0 V)

Iltems Symbol Conditions MIN. TYP. MAX. Unit
On-chip pll-up Ru VI = Vss P00, P01, P02, PO3, P10, P11, P12, P13, P14, 10 20 100 kQ
resistance P15, P16, P30, P40, P120, P140, P147

In input mode

Remark Unless specified otherwise, the
pins.

characteristics of alternate-function pins are the same as those of the port
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RL78/G1D

2. ELECTRICAL SPECIFICATIONS

2.5 Current Consumption

The Current Consumption by the RL78/G1D is the total current including that for the MCU (current flowing into the Vop
pin) and that for the RF unit (current flowing into the Voo_rr, AVbp_rF pins).

The characteristics of the MCU (current flowing into the Vop pin) are given in 2.5.1 and the characteristics of the RF
unit (current flowing into the Vop_rr/AVDp_rF pins) are given in 2.5.2

2.5.1 MCU

(1) Operating current

(TA=-40to +85°C, 1.6 V < Vop = Vpp_RF = AVDD_RF L 3.6 V, Vss = Vss_rRrF = AVss_rr = 0 V)

Parameter | Symbol Conditions MIN. | TYP. | MAX. Unit
Operating | ooz HS (high- Basic operation | fin = 32 MHz "*'®? Voo =3.0V 2.3 mA
Note 1 H
current Spedeg‘js'”) Normal operation | fix = 32 MHz "2 Voo =3.0V 52 | 85 | mA
mode
fin = 24 MHz "2 Voo = 3.0V 4.1 6.6 mA
fin = 16 MHz "2 Voo = 3.0 V 3.0 4.7 mA
LS(low-speed |Normal operation | fi1 = 8 MHz "2 Voo =3.0V 1.3 2.1 mA
main) mode Voo =2.0V 13 | 21 | mA
LV (low- Normal operation | fi = 4 MHz "*'¢? Voo =3.0V 1.3 1.8 mA
Vo':jagfmﬁfj'”) Voo =2.0V 13 | 18 | mA
mode
HS (high-  |Normal operation | fux = 20 MHz"*** Voo = 3.0 V° 3.4 55 mA
speed main
nf’odems ) 36 | 57 | mA
fux = 10 MHz "*'*® Voo = 3.0 VN°re® 21 3.2 mA
21 3.2 mA
LS (low-speed Normal operation | fux = 8 MHz "*¢* Vop = 3.0 Ve e 1.2 2.0 mA
main) mode 1.2 20 mA
Note 5
Voo = 2.0 VNre® 1.2 2.0 mA
1.2 2.0 mA
Subsystem |Normal operation | fsus = 32.768 kHz "*®* | Ta = -40°CN°*¢® 4.8 5.9 pA
clock
49 6.0 A
operation o6
Ta=+25°C 49 5.9 pA
5.0 6.0 A
Ta = +50°C Ne® 5.0 7.6 pA
5.1 7.7 A
Ta = +70°CNe° 5.2 9.3 pA
5.3 9.4 A
Ta = +85°C N° 57 | 133 pA
58 | 134 | pA

(Notes and Remarks are listed on the next page.)
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RL78/G1D 2. ELECTRICAL SPECIFICATIONS

Notes 1.

Current flowing into Voo, including the input leakage current flowing when the level of the input pin is fixed to
Vop or Vss. The values below the MAX. column include the peripheral operation current. However, not
including the current flowing into the A/D converter, LVD circuit, /0 port, and on-chip pull-up/pull-down
resistors and the current flowing during data flash rewrite.
When high-speed system clock and subsystem clock are stopped.
When high-speed on-chip oscillator and subsystem clock are stopped.
When high-speed on-chip oscillator and high-speed system clock are stopped. When setting ultra-low current
consumption (AMPHS1 = 1). Not including the current flowing into the RTC, 12-bit interval timer, and
watchdog timer.
Relationship between operation voltage width, operation frequency of CPU and operation mode is as below.
HS (high-speed main) mode: 2.7 V <Vop<3.6 V@1 MHz to 32 MHz

2.4V <Vop<3.6 V@1 MHz to 16 MHz
LS (low-speed main) mode: 1.8V <Vbop<3.6 V@1 MHz to 8 MHz
LV (low-voltage main) mode: 1.6 V<Vop<3.6 V@1 MHz to 4 MHz
The upper value is for square-wave input and the lower is with an oscillator connected.

Remarks 1. fux: High-speed system clock frequency (External main system clock frequency)

2. fi:  High-speed on-chip oscillator clock frequency
3. fsue: Subsystem clock frequency (XT1 clock oscillation frequency)
4. Except subsystem clock operation, temperature condition of the TYP. value is Ta = 25°C
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(2) Standby current

(TA=-40to +85°C, 1.6 V < Vbp = Vop_RF = AVDD_RF L 3.6 V, Vss = Vss_rRF = AVss_rr = 0 V)

Parameter | Symbol Conditions MIN. TYP. MAX. Unit
HALT Iob2 HS (high-speed fin = 32 MHz N * Vob=3.0V 0.62 1.86 mA
current main) mode "7 ¢ _ o4 iz Mot Voo = 3.0V 050 | 145 | mA

Y fin = 16 MHz V¢ * Vob=3.0V 0.44 111 mA
LS (low-speed main)| fi1 = 8 MHz V" * Vob = 3.0V 290 620 pA
mode "¢ Voo =2.0V 200 | 620 WA
LV (low-voltage fin = 4 MHZ N'®* Vob = 3.0V 440 680 pA
main) mode "*** Voo = 2.0V 440 | 680 WA
HS (high-speed | fux = 20 MHz "*® Vop = 3.0 vV O° 031 | 1.08 mA
main) mode "*** 048 | 128 | mA

fux = 10 MHz "*** Voo = 3.0 vV e° 021 | 0.63 mA

0.28 0.71 mA

LS (low-speed main)| fux = 8 MHz "*'*? Voo = 3.0 vV e° 110 360 A
mode "¢ 160 420 WA
Vop = 2.0 v N°te? 110 360 pA

160 420 pA

Subsystem clock | fsus = 32.768kHz "*®° Ta = —40°CNe? 0.28 0.61 pA
operation 0.47 0.80 WA
Ta = +25°C Nte® 0.34 0.61 HA

0.53 0.80 pA

Ta = +50°CN¢? 0.41 2.30 pA

0.60 2.49 pA

Ta = +70°C Nte® 0.64 4.03 pA

0.83 4.22 pA

Ta = +85°C N 1.09 8.04 pA

1.28 8.23 pA

STOP b3 Ta = -40°C 0.19 0.52 pA
current "% 9 Ta = +25°C 0.25 0.52 uA
TaA = +50°C 0.32 221 pA
Ta=+70°C 0.55 3.94 pA
TaA = +85°C 1.00 7.95 pA

(Notes and Remarks are listed on the next page.)
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Notes 1.

a s~ w DN

Current flowing into Voo, including the input leakage current flowing when the level of the input pin is fixed to
Vop or Vss. The values below the MAX. column include the peripheral operation current. However, not
including the current flowing into the A/D converter, LVD circuit, /0 port, and on-chip pull-up/pull-down
resistors and the current flowing during data flash rewrite.
During HALT instruction execution by flash memory.
When high-speed on-chip oscillator and subsystem clock are stopped.
When high-speed system clock and subsystem clock are stopped.
When high-speed on-chip oscillator and high-speed system clock are stopped. When setting ultra-low current
consumption (AMPHS1 = 1). The current flowing into the RTC is included. However, not including the current
flowing into the 12-bit interval timer and watchdog timer.
Not including the current flowing into the RTC, 12-bit interval timer, and watchdog timer.
Relationship between operation voltage width, operation frequency of CPU and operation mode is as below.
HS (high-speed main) mode: 2.7 V<Vbop<3.6 V@1 MHz to 32 MHz

2.4V <Vop<3.6 V@1 MHz to 16 MHz
LS (low-speed main) mode: 1.8V <Vop<3.6 V@1 MHz to 8 MHz
LV (low-voltage main) mode: 1.6 V <Vbop<3.6 V@1 MHz to 4 MHz
If operation of the subsystem clock when STOP mode, same as when HALT mode of subsystem clock
operation.
The upper value is for square-wave input and the lower is with an oscillator connected.

Remarks 1. fux: High-speed system clock frequency (External main system clock frequency)

2. fii:  High-speed on-chip oscillator clock frequency
3. fsus: Subsystem clock frequency (XT1 clock oscillation frequency)
4. Except subsystem clock operation and STOP mode, temperature condition of the TYP. value is Ta = 25°C
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RL78/G1D 2. ELECTRICAL SPECIFICATIONS

(3) Current for each peripheral circuit

(TA=-40to +85°C, 1.6 V < Vbp = Vop_RF = AVDD_RF L 3.6 V, Vss = Vss_rRF = AVss_rr = 0 V)

Parameter Symbol Conditions MIN.| TYP. | MAX. | Unit

Low-speed on-chip oscillator | I "** 0.20 pA
operating current

Current when PCLBUZO and | Ipcex " 1.0 pA
EXSLK_RF are connected
together and MCU supplies
RF slow clock to RF

RTC operating current Jrrc Notes 123 0.02 pA

12-bit interval timer operating | lir 124 0.02 pA

current

Watchdog timer operating Iwor V125 | fiis 15 kHz 0.22 pA

current

A/D converter operating laoc "% | When conversion | AVrere = Voo = 3.0 V 05| 07 |mA

current at maximum speed

A/D converter reference Iaorer Ot 75.0 pA

voltage current

Thermometer sensor Irmps Vo€ 75.0 uA

operating current

LVD operating current Jv Vet ? 0.08 pA

Flash self-programming Jpsp otes 19 2.50 | 12.20 | mA

operating current

BGO current lsgo Nt 8 2.50 | 12.20 | mA

SNOOZE operating current Isnoz 't ADC operation The mode is performed "¢ *° 0.50 | 0.60 | mA
The A/D conversion operations 1.20 | 1.44 | mA

are performed, Low voltage
mode, AVrerr = Vop = 3.0 V

CSI/UART operation 0.70 | 0.84 | mA

Notes 1.
2.
3.

8.
9.

Current flowing to Voo.

When high speed on-chip oscillator and high-speed system clock are stopped.

Current flowing only to the real-time clock (RTC) (excluding the operating current of the XT1 oscillator). The
value of the current value of the RL78 microcontroller is the sum of the values of either Iop1 or Ibp2, and IrTc,
when the real-time clock operates in operation mode or HALT mode. Also, add the value of IFIL in case of
selecting low-speed on-chip oscillator. Ibpb2 subsystem clock operation includes the operational current of the
real-time clock.

Current flowing only to the 12 bit interval timer (including the operating current of the low-speed on-chip
oscillator). The current value of the MCU is the sum of Iop1 or Iop2 and it when fcik = fsus when the watchdog
timer operates in STOP mode. When using low-speed on-chip oscillator, add IFi.

Current flowing only to the watchdog timer (including the operating current of the low-speed on-chip oscillator).
The current value of the MCU is the sum of Ibp, Ipp2 or Iops and Iwot when the watchdog timer is in operation.
Current flowing only to the A/D converter. The current value of MCU is the sum of Iop1 or Iop2 and labc when the
A/D converter operates in an operation mode or the HALT mode.

Current flowing only to the LVD circuit. The current value of MCU is the sum of Iob1, lop2 or Iops and I.vi when
the LVD circuit is in operation.

Current flowing when operates rewriting to Data flash.

Current flowing when operates flash self-programming.

10. Shift time to the SNOOZE mode is referred User's Manual: Hardware.
(Remarks are listed on the next page.)
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Remarks 1. fi.  Low-speed on-chip oscillator clock frequency
2. fsus: Subsystem clock frequency
3. fek: CPU and peripheral hardware clock frequency
4. Temperature condition of the TYP. value is Ta = 25°C

2.5.2 RF unit

(TA=-401to0 +85°C, 1.6 V < Vob = Vop_rr = AVbp_RF < 3.6 V, Vss = Vss_rr = AVss rr = 0 V)

Parameter| Symbol Conditions MIN. TYP. | MAX. Unit

Supply Ioorerx | Transmission | Transmission | RF normal mode - 4.3 5.7 mA

Eﬁgrle;\t peak current | output power ) 74 90 mA
' 0 dBm

RF low power mode - 2.6 4.1 mA

- 4.4 6.0 mA

RF high performance mode - 4.3 5.7 mA

- 7.4 9.0 mA

Ioorerx | Reception peak current RF normal mode - 35 5.0 mA

- 6.2 7.5 mA

RF low power mode - 3.3 4.8 mA

- 5.8 7.1 mA

RF high performance mode - 3.7 5.2 mA

- 6.6 7.9 mA

loorrst | STANDBY_RF current - 0.40 0.9 mA

- 0.28 0.8 mA

loorrst | SLEEP_RF current - 0.50 1.1 mA

- 0.36 0.8 mA

Ioorros | DEEP_SLEEP current RF slow clock externally input through - 0.14 3.6 pA

EXSLK_RF - | 014 | 36 | paA

RF slow clock from on-chip oscillator - 1.8 6.8 pA

- 1.8 6.8 pA

Ioorrro | POWER_DOWN current - 0.10 3.0 pA

- 0.10 3.0 pA

loorrrs | RESET_RF current - 0.10 3.0 pA

- 0.10 3.0 pA

|opRFIL IDLE_RF current - 0.50 1.1 mA

- 0.60 11 mA

loorrsu | SETUP_RF current - 2.5 4.7 mA

- 35 5.0 mA

Notes 1. Total current flowing into Voo_rr, and AVop_rr.
2 For each item, the values in the upper and lower row apply respectively when the DC/DC converter embedded in the RF chip is

and is not in use.

R0O1DS0258EJ0110 Rev.1.10 Page 24 of 74
Sep 25, 2015
P RENESANAS



RL78/G1D

2. ELECTRICAL SPECIFICATIONS

2.6 AC Characteristics

(TA=-40to +85°C, 1.6 V < Vop = Vop_RF = AVDD_RF L 3.6 V, Vss = Vss_rRF = AVss_rr = 0 V)

Items Symbol Conditions MIN. TYP. MAX. Unit
Cycle time (minimum instruction | Tcy Main system | HS (high-speed 27V<Vmm<36V | 0.03125 1 us
execution time) (fwav) clock main) mode 24V<Voo<27V | 0.0625 1 us
operation
LV (low-voltage main) mode 0.25 1 us
LS (low-speed main) mode 0.125 1 us
Subsystem clock (fsus) operation 28,5 30.5 31.3 us
In the self HS (high-speed 27V<Vmm<36V | 0.03125 1 us
programming | main) mode 24V<Vw<27V | 0.0625 1 us
mode )
LV (low-voltage main) mode 0.25 1 us
LS (low-speed main) mode 0.125 1 us
External clock frequency fex EXCLK 27V<Vmm<36V 1 20 MHz
24V <V <27V 1 16 MHz
18V<Vm<24V 1 8 MHz
fexs EXCLKS 32 35 kHz
fexre EXSLK_RF When 32.768 kHz | £500 ppm 32.751616 |32.768|32.784384| kHz
input
When 16.384 kHz | +£500 ppm 16.375808 |16.384(16.392192| kHz
input
External clock input high-level | texw, EXCLK 27V<Vmm<36V 24 ns
width, low-level width text 24V <Vop<27V 30 ns
18V<Vmw<24V 60 ns
texns, texts | EXCLKS 13.7 us
tEXHRF, EXSLK_RF When 32.768 kHz input 0.08 15.258( 32.69 us
tEXLRF When 16.384 kHz input 0.08 |8.192| 16.304 | us
Timer input high-level width, triH, TIOO, TIO1, TI02, TIO3, TIO4, TIOS5, TIO6, TIO7 1/fmex+10 ns
low-level width tri
Timer output frequency tro TIOO, TIO1, HS (high-speed 27V<Vmm<36V 8 MHz
TI02, TIO3, main) mode 24V <Vop<27V 4 MHz
TI04, TIO5, , I )
TI06, TI07 LV (low-voltage main) mode 4 MHz
LS (low-speed main) mode 4 MHz
Clock/buzzer output frequency | teic PCLBUZO HS (high-speed 27V<Vmm<36V 8 MHz
main) mode 24V Voo <27V 4 MHz
LV (low-voltage main) mode 4 MHz
LS (low-speed main) mode 4 MHz
trcLrF CLKOUT_RF 16 MHz

Remark fvck: Timer array unit operation clock frequency

(Operation clock to be set by the CKSmn0, CKSmn1 bits of timer mode register mn (TMRmn).
m: Unit number (m = 0, 1), n: Channel number (n = 0 to 7))
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RL78/G1D 2. ELECTRICAL SPECIFICATIONS

(TA=-40to +85°C, 1.6 V < Vop = Vbpp_RF = AVDD_RF L 3.6 V, Vss = Vss_rF = AVss_rr = 0 V) (2/2)

Items Symbol Conditions MIN. TYP. | MAX. Unit
Interrupt input high-level width, | tinth, INTPO, INTP3, INTP5, INTP6 1 us
low-level width tinTL
External PA control output High-| teanrr TXSELH_RF 283 us
level width
External PA control output low- | teaire TXSELL_RF 283 us
level width
RESET low-level width trsL RESET 10 us
RESET_RF internal pin low- tRSTLRF RESET_REF internal pin 31 us
level width

Minimum Instruction Execution Time during Main System Clock Operation

Tcy vs Vob (HS (high-speed main) mode)

10
w
=
|§ 1.0 P
o) [
-§ t —— When the high-speed on-chip oscillator clock is selected
%‘ ] ——~— During self programming
3 ! —-—- When high-speed system clock is selected
i
!
|
0.1 ]
0.0625 f=====sfon---- R
0.05 :L
|
0.03125 p======f=----- ==d-q= ==
001 il
0 10 20 ' 30 140
24 27 36
Supply voltage Voo [V]
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Tecv vs Vob (LS (low-speed main) mode)

10
é 1.0 e et :
5 ; :
% 4 —— When the high-speed on-chip oscillator clock is selected
£ 4 g ——— During self programming
© b [ —.—. When high-speed system clock is selected
2 ; :
v i b
b !
] :
0125 |------F---- sorvraadnesd
01 : :
0.01 : E
0 10 20 30 140
1.8 3.6
Supply voltage Voo [V]
Tevy vs Vob (LV (low-voltage main) mode)
10
é 1.0 T
|—G é: — When the high-speed on-chip oscillator clock is selected
g = ——— During self programming
"Z : —-—- When high-speed system clock is selected
:
025 |f------}---- o proess S
01 : :
0.01 E E
0 10 20 30 40
1.8 3.6
Supply voltage Voo [V]
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AC Timing Test Points

Vin/Von
Vi/Vou

X

> Test points <

Viv/Vor
Vi/Vou

External System Clock Timing

1/fex/

1/fexs

texc/ | texn/

EXCLK/EXCLKS \

texcs

texHs
N~

TITO Timing

TIOO0 to TI07, TI10 to TI17

tric

TOO00 to TO07, TO10 to TO17 J

Interrupt Request Input Timing

INTPO, INTP3, INTP5, INTP6

tinTL

RESET Input Timing

RESET

—
—

trsL
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RL78/G1D 2. ELECTRICAL SPECIFICATIONS

2.7 Peripheral Functions Characteristics

AC Timing Test Points

ViH/VoH ViH/VoH
Test points
>< Vil/Vou > P <: Vi/Vou

2.7.1 Serial array unit

(1) During communication at same potential (UART mode)

(TA=-40to +85°C, 1.6 V < Vbp = Vbop_RF = AVDD_RF L 3.6 V, Vss = Vss_rF = AVss_rr =0 V)

Parameter Symbol Conditions HS (high-speed | LS (low-speed | LV (low-voltage | Unit
main) Mode main) Mode main) Mode
MAX. MAX. MAX.

Transfer rate V'* 24V<Vop<36V fuck/6 fmek/6 fuck/6 bps
Theoretical value of the 5.3 1.3 0.6 Mbps
maximum transfer rate
fuok = fork No'®2

1.8V<Vop<3.6V - fmek/6 fmek/6 bps
Theoretical value of the - 1.3 0.6 Mbps
maximum transfer rate
fuck = fok Vo'° 2

16V<Vop<36V - - fmek/6 bps
Theoretical value of the - - 0.6 Mbps

maximum transfer rate

Note 2
fmek = fok

Notes 1. Transfer rate in the SNOOZE mode is 4800 bps only.
2. Maximum operating frequency of CPU and peripheral hardware clock (fcik) is following
HS (high-speed main) mode: 32 MHz (2.7 V <Vbop < 3.6 V)
16 MHz (2.4 V <Vbp <3.6 V)
LS (low-speed main) mode: 8 MHz (1.8V<Vbop<3.6V)
LV (low-voltage main) mode: 4 MHz (1.6 V<Vbopb <3.6 V)

Caution Select the normal input buffer for the RxDq pin and the normal output mode for the TxDq pin by using
port input mode register g (PIMg) and port output mode register g (POMg).

R0O1DS0258EJ0110 Rev.1.10 Page 29 of 74
Sep 25, 2015
P RENESANAS



RL78/G1D

2. ELECTRICAL SPECIFICATIONS

UART mode connection diagram (during communication at same potential)

TxDq Rx

RL78 microcontroller

RxDq Tx

User device

UART mode bit width (during communication at same potential) (reference)

1/Transfer rate

High-/Low-bit width

Baud rate error tolerance

TxDq
RxDq

Remarks1. g: UART number (g =0, 1), g: PIM and POM number (g =0, 1)

2. fmck: Serial array unit operation clock frequency

(Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn).

m: Unit number, n: Channel number (mn = 00, 01))
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(2) During communication at same potential (CSI mode) (master mode, SCKp... internal clock output, supporting

CSI00 only)

(TA=-40to +85°C, 2.7 V < Vop = Vop_RF = AVDD_RF L 3.6 V, Vss = Vss_rRF = AVss_rr = 0 V)

Parameter Symbol Conditions HS (high-speed | LS (low-speed | LV (low-voltage | Unit
main) Mode main) Mode main) Mode
MIN. MAX. MIN. MAX. MIN. MAX.
SCKp cycle time tkeya tkeva > 2/fek 83.3 250 500 ns
SCKp high-/low-level tKH1, tkeva/2 — tkev/2 — tkeva/2 — ns
width tkea 10 50 50
Slp setup time (to SCKpT) | tsia 33 110 110 ns
Note 1
SlIp hold time (from SCKpT)| tksi1 10 10 10 ns
Note 1
Delay time from SCKp! to | tkso1 C =20 pF Ne? 10 10 10 ns
SOp output “°*¢?

Notes 1. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The Slp time becomes “to SCKp{”

when DAPmn = 0 and CKPmn =1, or DAPmn = 1 and CKPmn = 0.

2. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The delay time to SOp output becomes

“from SCKpT” when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.

3. Cis the load capacitance of the SCKp and SOp output lines.

Cautions Select the normal input buffer for the Slp pin and the normal output mode for the SOp pin and SCKp
pin by using port input mode register g (PIMg) and port output mode register g (POMg).

Remarks 1. This specification is valid only when CSI00’s peripheral 1/O redirect function is not used.

2. p: CSI number (p = 00), m: Unit number (m = 0), n: Channel number (n = 0),
g: PIM and POM numbers (g = 1)

3. fmck: Serial array unit operation clock frequency

(Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn). m: Unit number, n:
Channel number (mn = 00))

RO1DS0258EJ0110 Rev.1.10
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RL78/G1D 2. ELECTRICAL SPECIFICATIONS

(3) During communication at same potential (CSI mode) (Internal communication, supporting CSI21 only)

(TA=-40to +85°C, 1.6 V < Vop = Vop_RF = AVDD_RFL 3.6 V, Vss = Vss_rRF = AVss_rr =0 V)

Parameter Symbol Conditions HS (high-speed LS (low-speed LV (low-voltage Unit
main) Mode main) Mode main) Mode
MIN. MAX. MIN. MAX. MIN. MAX.
SCKp cycle time tkevi tkeyl > 24V<Vop<3.6V 250 250 500 ns
2™ [ 1 gv<von<36V - 250 500 ns
16V<Vop<3.6V - - 500 ns

Note Use the fck more than 6.5 MHz and lower than 24 MHz.

Remark This specification is for CSI21 only.
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(4) During communication at same potential (CSI mode) (master mode, SCKp... internal clock output, supporting
CSI00 and CSI20)

(TA=-40to +85°C, 1.6 V < Vbp = Vop_RF = AVDD_RF L 3.6 V, Vss = Vss_rRF = AVss_rr = 0 V)

Parameter Symbol Conditions HS (high-speed main) | LS (low-speed | LV (low-voltage | Unit
Mode main) Mode main) Mode
MIN. MAX. MIN. MAX. MIN. MAX.
SCKp cycle time | tkevi tkev: > 27V<Vop<36V 125 500 1000 ns
4/ fewx 24V <Voo <36V 250 500 1000 ns
1.8V<Vmm<3.6V - 500 1000 ns
16V<Vop<36V - - 1000 ns
SCKp high-/low- tKH1, 27V<Vop<36V tkeva/2 — tkeva/2 tkeva/2 ns
level width tkLa 18 -50 -50
24V<Vmp<36V tkey1/2 — tkey1/2 tkey1/2 ns
38 -50 -50
18V<Vop<36V - tkev1/2 tkev1/2 ns
-50 -50
1.6V<Vp<36V - - tkev1/2 ns
-100
Slp setup time tsika 27V<Vop<36V 44 110 110 ns
Note 1
(to SCKpT) 2.4V <Vop<3.6V 75 110 110 ns
1.8V<Vop<3.6V - 110 110 ns
1.6V<Vop<3.6V - - 220 ns
Slp hold time tksi 27V<Vop<3.6V 19 19 19 ns
Note
(from SCKpT) 2.4V <Voo<3.6V 19 19 19 ns
1.8V<Vop<3.6V - 19 19 ns
1.6V<Vop<3.6V - - 19 ns
Delay time from tkso1 C=30pF |27V<VD<36V 25 25 25 ns
Note 3
SCKWNE?Q S0P 24V <Vop<3.6V 25 25 25 | ns
output
P 1.8V<Vop<3.6V - 25 25 ns
1.6V<Vop<3.6V - - 25 ns

Notes 1. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The Slp time becomes “to SCKpJ” when
DAPmMn = 0 and CKPmn =1, or DAPmn =1 and CKPmn = 0.
2. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The delay time to SOp output becomes
“from SCKpT” when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.
3. Cisthe load capacitance of the SCKp and SOp output lines.

Caution Select the normal input buffer for the Sip pin and the normal output mode for the SOp pin and SCKp pin
by using port input mode register g (PIMg) and port output mode register g (POMg).

Remarks 1. p: CSI number (p = 00, 10), m: Unit number (m =0, 1), n: Channel number (n =0, 1),
g: PIM and POM numbers (g =0, 1)
2. fmck: Serial array unit operation clock frequency
(Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn). m: Unit number, n:
Channel number (mn = 00, 02, 11))
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(5) During communication at same potential (CSI mode) (slave mode, SCKp... external clock input, supporting
CSI00 and CSI20)

(TA=-40to +85°C, 1.6 V < Vbp = Vop_RF = AVDD_RF L 3.6 V, Vss = Vss_rRF = AVss_rr = 0 V)

Parameter Symbol Conditions HS (high-speed |LS (low-speed main)| LV (low-voltage Unit
main) Mode Mode main) Mode
MIN. MAX. MIN. MAX. MIN. MAX.
SCKp cycle time | tkevz2 2.7V<Vop< fmek > 16 MHz 8/fmck - - ns
Note 4
36V fmek < 16 MHz 6/fmck 6/fmck 6/fmck
24V <Voo<3.6V 6/fmck 6/fmck 6/fmck ns
and 500 and 500 and 500
1.8V<Vop<3.6V - 6/fmck 6/fmck ns
and and
750 750
1.6V<Vop<3.6V - - 6/fck ns
and
1500
SCKp high-/low- tkH2, 27V<Vom<36V tkey2/2-8 tkey2/2-8 tkey2/2-8 ns
level width tLz 24V<Vmp<36V tkey2/2— tkey2/2 — tkeva/2 — ns
18 18 18
18V<Vop<3.6V - tkeva/2 tkeval2 — ns
-18 18
16V<Von<36V - - tkeva/2 ns
— 66
Slp setup time tsik2 27V<Vop<3.6V L/fmck L/fmex L/fmcx ns
(to SCKpT) Noret +20 +30 +30
24V <Vop<3.6V 1/fmck 1/fmek 1/fmck ns
+30 +30 +30
1.8V<Vop<3.6V - L/fwex L/fwex ns
+30 +30
1.6V<Vop<3.6V - - 1ffwex ns
+40
Slp hold time tksi2 24V <Vop<3.6V 1/fmck L/fmex L/fmcx ns
(from SCKp™T) " +31 +31 +31
! 1.8V < Voo <3.6V - L/fwer ffwer ns
+31 +31
1.6 V<Vop<3.6V - - 1/fmek ns
+250
Delay time from | tkso2 C=30pF |27V<Vop<36V 2/‘1”2“' 2/;“”1%” 2/;“”1%“' ns
SCKpl« o Sop o 2/f 2/f 2/f
Note 2 24V <Vop<3.6V McK+ McK+ MCK+ ns
output > 75 110 110
1.8V <Vop<3.6V - 2ffuck+ 2Ufuekt | pg
110 110
1.6 V<Vop<3.6V - - 2ffuckt | g
220
Notes 1. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The Slp time becomes “to SCKpJ” when

DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.

2. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The delay time to SOp output becomes
“from SCKpT” when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.

3. Cisthe load capacitance of the SOp output lines.

4. Transfer rate in the SNOOZE mode: MAX. 1 Mbps

(Caution and Remarks are listed on the next page.)
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Caution Select the normal input buffer for the Sip pin and SCKp pin and the normal output mode for the SOp pin
by using port input mode register g (PIMg) and port output mode register g (POMg).

Remarks 1. p: CSl number (p = 00, 20), m: Unit number (m =0, 1),
n: Channel number (n = 0), g: PIM and POM numbers (g = 1)
2. fmck: Serial array unit operation clock frequency

(Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn).
m: Unit number, n: Channel number (mn = 00, 10))

CSI mode connection diagram (during communication at same potential)

SCKp SCK
RL78 Slp SO  Userdevice
microcontroller
SOp Sl
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CSI mode serial transfer timing (during communication at same potential)
(When DAPmMn =0 and CKPmn =0, or DAPmn =1 and CKPmn =1.)

tkevy, 2

tkia, 2 tKHL, 2

/
SCKp

tsiki, 2 tksiz, 2

Slp Input data

tksoz, 2

SOp Output data ><

CSI mode serial transfer timing (during communication at same potential)
(When DAPmn =0 and CKPmn = 1, or DAPmn = 1 and CKPmn =0.)

tkevy, 2

tkHL, 2 tkLe 2

SCKp /
N

tsik1, 2 tksi, 2 |

Slp Input data

tksoz, 2

Sop Output data ><

Remarks 1. p: CSI number (p = 00, 10, 21)
2. m: Unit number, n: Channel number (mn = 00, 02, 11)
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(6) During communication at same potential (simplified 1’c mode) (1/2)

(TA=-40to +85°C, 1.6 V < Vop = Vop_RF = AVbD_RFL 3.6 V, Vss = Vss_rRF = AVss_rF =0 V)

Parameter Symbol Conditions HS (high-speed | LS (low-speed | LV (low-voltage Unit
main) Mode main) Mode main) Mode
MIN. | MAX. | MIN. | MAX. | MIN. | MAX.

SCLr clock frequency fscL 27V<Vop<36V, 1000 400 400 kHz
Cb = 50 pF, Ry = 2.7 kQ Note 1 Note 1 Note 1
24V<Vop<36V, 400 400 400 kHz

Note 1 Note 1 Note 1
Cb =100 pF, Ro =3 kQ
18V<Vmp<36V, - 400 400 kHz
Note 1 Note 1
Cbh =100 pF, Ro = 3 kQ
24V <Vop <27V, 300 300 300 kHz
Note 1 Note 1 Note 1
Cbh =100 pF, Ro =5 kQ
18V <Vmp<27V, - 300 300 kHz
Cb = 100 pF, Ro = 5 kQ et reet
16V<Vop<18YV, - - l\%ﬁ?eq kHz
Cb = 100 pF, Ro =5 kQ

Hold time when SCLr = “L” tLow 27V<Vop<36V, 475 1150 1150 ns
Cb = 50 pF, Ro = 2.7 kQ
24V <Vop<3.6V, 1150 1150 1150 ns
Cb = 100 pF, Rb = 3 kQ
18V<Vmp<3.6V, - 1150 1150 ns
Cb =100 pF, Ro = 3 kQ
2.4V <Vop <27V, 1550 1550 1550 ns
Cb =100 pF, Ro =5 kQ
18V<Vmp<27YV, - 1550 1550 ns
Cb =100 pF, Ro =5 kQ
1.6V<Vop<1.8YV, - - 1850 ns
Cb =100 pF, Ro =5 kQ

Hold time when SCLr = “H” tHiGH 27V<Vop<36V, 475 1150 1150 ns
Cb =50 pF, Ro = 2.7 kQ
24V<Vop<36V, 1150 1150 1150 ns
Cb =100 pF, Ro =3 kQ
18V<Vmp<36V, - 1150 1150 ns
Cbh =100 pF, R = 3 kQ
24V <Vop<27V, 1550 1550 1550 ns
Cbh =100 pF, Ro =5 kQ
18V <Vp<27V, - 1550 1550 ns
Cbh =100 pF, Ro =5 kQ
1.6V<Vop<18V, - - 1850 ns
Cb = 100 pF, Rb = 5 kQ

(Notes , Caution , and Remarks are listed on the page after the next page.)
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(6) During communication at same potential (simplified 1’c mode) (2/2)

(TA=-40to +85°C, 1.6 V < Vop = Vop_RF = AVbD_RFL 3.6 V, Vss = Vss_rRF = AVss_rF =0 V)

Parameter Symbol Conditions HS (high-speed | LS (low-speed | LV (low-voltage Unit
main) Mode main) Mode main) Mode
MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
Data setup time (reception) | tsu.at 27V<Vop<36V, 1/fmex + 1/fmex 1/fmek ns
- - 85 "2 +145 +145
Cb =50 pF, Ro = 2.7 kQ Notes oo
24V <Vop<36V, 1/fmek 1/fmek 1/fmek ns
- - + 145 + 145 + 145
Cv =100 pF’ Ro = 3 kQ Note2 Note2 Note2
1.8V<Vop<3.6V, - 1/fmck 1/fmck ns
= = + 145 + 145
Cb =100 pF, Ro = 3 kQ Notes Noroy
24V <Vop <27V, 1/fmex 1/fmex 1/fmck ns
— — +230 + 230 +230
Cv =100 pF’ Ro=5kQ Note2 Note2 Note2
1.8V<Vp<27YV, - 1/fmex 1/fmex ns
- - +230 +230
Cb =100 pF, R =5 kQ s N
1.6V<Vop<18YV, - - 1/fmek ns
Cb =100 pF, Rs = 5 kQ + 290
Data hold time (transmission) | tHp:pat 27V<Vop<36V, 0 305 0 305 0 305 ns
Cb = 50 pF, Ro = 2.7 kQ
24V <Vop<3.6V, 0 355 0 355 0 355 ns
Cb = 100 pF, Rb = 3 kQ
1.8V<Vop<3.6V, - - 0 355 0 355 ns
Cb =100 pF, Ro = 3 kQ
24V <Vop<27V, 0 405 0 405 0 405 ns
Cb =100 pF, Ro =5 kQ
18V<Vmp<27YV, - - 0 405 0 405 ns
Cb =100 pF, Ro =5 kQ
1.6V<Vop<1.8YV, - - - - 0 405 ns
Cb =100 pF, Ro =5 kQ

Notes 1. The value must also be fmck/4 or lower.
2. Set the fmck value to keep the hold time of SCLr ="L" and SCLr = "H".

Caution Select the normal input buffer and the N-ch open drain output (Vop tolerance) mode for the SDAr pin

and the normal output mode for the SCLr pin by using port input mode register g (PIMg) and port
output mode register h (POMh).

(Remarks are listed on the next page.)
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Simplified I°C mode mode connection diagram (during communication at same potential)

Vop
%Rb

SDAr o SDA

RL78 microcontroller User device
SCLr SCL
Simplified I°C mode serial transfer timing (during communication at same potential)
1/fscL
trow L tHiGH
SCLr \ /

SDAr /\

tHD:DAT

tsu:paT

Remarks 1. Rbu[Q]:Communication line (SDAr) pull-up resistance, Co[F]: Communication line (SDAr, SCLr) load

capacitance

2. r:1IC number (r = 00, 20), g: PIM number (g =1), h: POM number (h = 1)
3. fmck: Serial array unit operation clock frequency
(Operation clockw to be set by the CKSmn bit of serial mode register mn (SMRmn). m: Unit number (m
=0, 1), n: Channel number (n = 0), mn = 00, 02)
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(7) Communication at different potential (1.8 V, 2.5 V) (UART mode)

(TA=-40to +85°C, 2.4 V < Vop = Vop_RrRF = AVpp_RFL 3.6 V, Vss = Vss_rRF = AVss_rr =0 V)

Parameter | Symbol Conditions HS (high-speed| LS (low-speed |LV (low-voltage| Unit
main) Mode main) Mode main) Mode
MAX. MAX. MAX.
Transfer Reception |2.7V<Vop<3.6V,23V<Vb<27V fuck/6 Nt fuck/6 Nt fucx/6 V' | bps
t . .
rate Theoretical value of the maximum 5.3 1.3 0.6 Mbps
transfer rate
fumck = fouk Nore 3
24V <Vop<33V,16V<V<20V fuck/e Noet fuck/6 Noe fuck/6 NOet bps
Theoretical value of the maximum 2.6 1.3 0.6 Mbps
transfer rate
fumck = fok More 3
18V<Von<33V,16V<Vh<20V - fuck/6 "2 | fuck/6 "2 | bps
Theoretical value of the maximum - 1.3 1.3 Mbps
transfer rate
fumck = fouk Nore 3
Transmission| 2.7V <Vop <3.6 V,23V<Vb <27V Note 4 Note 4 Note 4 bps
Theoretical value of the maximum 12Mee 1.2 Noted 1.2 Nores Mbps
transfer rate
Cb=50pF, Ro=27kQ, Vb =23V
24V<Vop <3.3V,1.6V<Vb<20V Notes 2, 6 Notes 2, 6 Notes 2,6 | bps
Theoretical value of the maximum 0.43 0.43 0.43 Mbps
transfer rate
Cb=50pF, Re=55kQ, Vb=16V
18V<Vop<33V,1.6V<Vb<20V - Notes 2, 6 Notes 2, 6 bps
Theoretical value of the maximum - 0.43 Notes? 0.43"7 | Mbps
transfer rate
Cb=50pF, Re=55kQ, Vb=16V

Notes 1. Transfer rate in the SNOOZE mode is 4800 bps only.
2. Use it with Vop > Vb.
3. Maximum operating frequency of CPU and peripheral hardware clock (fcrk) is following
HS (high-speed main) mode: 32 MHz (2.7 V< Vbb <3.6 V)
16 MHz (2.4V <Vop £ 3.6 V)
LS (low-speed main) mode: 8 MHz (1.8 V< Vbbb < 3.6 V)
LV (low-voltage main) mode: 4MHz (1.8V<Vop<3.6V)
4. The smaller maximum transfer rate derived by using fuck/6 or the following expression is the valid maximum
transfer rate.
Expression for calculating the transfer rate when 2.7V <Vop <3.6 Vand 2.3V <Vb <27V
Maximum transfer rate = 1/{-Cb x Rb x In (1 - 2.0/Vb)} x 3 [bps]
Baud rate error (theoretical value) =
(1/transfer rate x 2 - {-Cb x Rb x In (1 - 2.0/Vb)} / (1/transfer rate) x number of transferred bits)
* This value is the theoretical value of the relative difference between the transmission and reception sides.
5. This value as an example is calculated when the conditions described in the “Conditions” column are met.
Refer to Note 4 above to calculate the maximum transfer rate under conditions of the customer.
6. The smaller maximum transfer rate derived by using fmck/6 or the following expression is the valid maximum
transfer rate.
Expression for calculating the transfer rate when 1.8V <Vop <3.3Vand 1.6 V<Vb<2.0V
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Note 7.

Caution

Remarks 1.

TxDq

Maximum transfer rate = 1/{-Cb x Rb x In (1 - 1.5/Vb)} x 3 [bps]

Baud rate error (theoretical value) =

(L/transfer rate x 2 - {-Cb x Rb x In (1 - 1.5/Vb)} / (1/transfer rate) x number of transferred bits)
This value as an example is calculated when the conditions described in the “Conditions” column are met.

Refer to Note 6 above to calculate the maximum transfer rate under conditions of the customer.

Select the TTL input buffer for the RxDq pin and the N-ch open drain output (Vob tolerance) mode for the
TxDg pin by using port input mode register g (PIMg) and port output mode register g (POMg). For ViH
and Vi, see the DC characteristics with TTL input buffer selected.

Ro[Q]:Communication line (TxDq) pull-up resistance,

Cb[F]: Communication line (TxDq) load capacitance, Vo[V]: Communication line voltage
2. g: UART number (g =0, 1), g: PIM and POM numbers (g =0, 1)

fmek: Serial array unit operation clock frequency

(Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn).

m: Unit number, n: Channel number (mn = 00 to 03))

UART mode connection diagram (during communication at different potential)

RL78 microcontroller

TxDq

RxDq

Vb

% Rb
Rx

T

User device

UART mode bit width (during communication at different potential) (reference)

1/Transfer rate

Low-bit width

\

High-bit width

Baud rate error tolerance

/

1/Transfer rate

High-/Low-bit width

Baud rate error tolerance

RxDq

Remarks1. Ro[Q]:Communication line (TxDq) pull-up resistance, Vb[V]: Communication line voltage
2. g: UART number (g = 0, 1), g: PIM and POM number (g = 0, 1)
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(8) Communication at different potential (2.5 V) (CSI mode) (master mode: SCKp... internal clock output,
supporting CSIO0 only)

(TA=-40to +85°C, 2.7 V < Vop = Vop_RF = AVDD_RF L 3.6 V, Vss = Vss_rRF = AVss_rr = 0 V)

Parameter Symbol Conditions HS (high-speed LS (low-speed LV (low-voltage Unit
main) Mode main) Mode main) Mode
MIN. MAX. MIN. MAX. MIN. MAX.
SCKp cycle time | tkev tkeva > 2/fek 300 1150 1150 ns
2.7V<Vop<3.6V
23V<Vb<27V
Cb =20 pF, Ro = 2.7 kQ
SCKp high-level tkH1 27V<Vop<36V tkeva/2 — tkeva/2 — tkeva/2 — ns
Cb =20 pF, Ro = 2.7 kQ
SCKp low-level tkLa 27V<Vop<36V tkeva/2 — tkeva/2 — tkeva/2 — ns
Cb =20 pF, Ro = 2.7 kQ
Slp setup time tsika 27V<Vop<36V 121 479 479 ns
(to SCKpT) ™ 23V<Vb<2.7V
Cb =20 pF, Ro = 2.7 kQ
Slp hold time tksi 27V<Vop<36V 10 10 10 ns
(from SCKpT) " 23V<Vh<27V
Cb =20 pF, Ro = 2.7 kQ
Delay time from tkso1 27V<Vopb<36V 130 130 130 ns
SCKp! to SOp 23V<Vb<27V
ote
output Cb =20 pF, Ro = 2.7 kQ
Slp setup time tsik1 27V<Vop<36V 33 110 110 ns
(to SCKpl)"**** 23V<Vh<27V
Cb =20 pF, Ro = 2.7 kQ
Slp hold time tksi 27V<Vop<3.6V 10 10 10 ns
(from SCKpY) "** 23V<Vh<27V
Cb =20 pF, Ro = 2.7 kQ
Delay time from tkso1 27V<Vop<3.6V 10 10 10 ns
SCKpTNt? 2SOp 23V<Vo<27V
output Cb =20 pF, Ro = 2.7 kQ

Notes 1. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1.
2. When DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.

Caution Select the TTL input buffer for the Slp pin and the N-ch open drain output (Vob tolerance) mode for the
SOp pin and SCKp pin by using port input mode register g (PIMg) and port output mode register g
(POMg). For Vi1 and Vi, see the DC characteristics with TTL input buffer selected.

Remarks 1. Rbu[Q]:Communication line (SCKp, SOp) pull-up resistance, Co[F]: Communication line (SCKp, SOp) load
capacitance, Vb[V]: Communication line voltage
2. p: CSl number (p = 00), m: Unit number (m = 0), n: Channel number (n = 0),
g: PIM and POM number (g = 1)
3. fmck: Serial array unit operation clock frequency
(Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn). m: Unit number,
n: Channel number (mn = 00))
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(9) Communication at different potential (1.8 V, 2.5 V) (CSI mode: master mode, SCKp... internal clock output)

(TA=-40to +85°C, 1.8 V < Vop = Vop_RF = AVDD_RFL 3.6 V, Vss = Vss_rRF = AVss_rFr =0 V)

(1/2)
Parameter Symbol Conditions HS (high-speed LS (low-speed LV (low-voltage | Unit
main) Mode main) Mode main) Mode
MIN. MAX. MIN. MAX. MIN. MAX.
SCKp cycle time| tkcy1 tkev > 27V<Vop<3.6V 500 1150 1150 ns
Note 1 4ffcrx 23V<Vb<2.7V
Cb = 30 pF, Ro = 2.7 kQ
24V<Vop<33V 1150 1150 1150 ns
1.6V<Vb<2.0V
Cb = 30 pF, Ro = 5.5 kQ
1.8V<Vop<33V - 1150 1150 ns
1.6 V<Ve<2.0VNoes
Cb =30 pF, Ro = 5.5 kQ
SCKp high-level| tkw1 27V<Vop<36V,23VIVp<27V tkeva/2- tkeva/2- tkeya/2- ns
width More ! Cb =30 pF, Ro = 2.7 kQ 170 170 170
24V <Vop<33V,16V<Vp<20V tkeva/2- tkeva/2- tkeva/2- ns
Cb =30 pF, Ro = 5.5 kQ 458 458 458
1.8V<Vop<3.3V,1.6V<Vo<2.0VNe - tkev1/2 — tkev1/2 — ns
3 458 458
Cb =30 pF, Ro =55 kQ
SCKp low-level | tkz 27V<Vop<3.6V,23V<VW<27V tkev1/2 — tkev1/2 — tkey1/2 — ns
width "¢t Cb =30 pF, Ro = 2.7 kQ 18 50 50
24V <Vop<33V,16V<Vp<20V tkev1/2 — trev1/2 — tkev1/2 — ns
Cb =30 pF, R = 5.5 kQ 50 50 50
1.8V<Vop<33V,1.6V<Vp<20VVe3 - tkova/2 — tkeva/2 — ns
Cb =30 pF, Ro = 5.5 kQ 50 50
Slp setup timi | 27V<Vop<3.6V,23V<Vb<27V 177 479 479 ns
(to SCKpT) Cb =130 pF, Ro = 2.7 kQ
24V<Vop<33V,1.6V<Vb<20V 479 479 479 ns
Cb =30 pF, Ro=5.5kQ
1.8V<Vop<33V,1.6V<Vp<20VVe3 - 479 479 ns
Cb =30 pF, Ro = 5.5 kQ
Slp hold time | tksin 27V<Vop<36V,23V<Vb<2.7V 19 19 19 ns
(from SCkpT) Cb =30 pF, Ro= 2.7 kQ
24V<Vop<33V,16V<Vb<20V 19 19 19 ns
Cb =30 pF, Ro = 5.5 kQ
1.8V<Vop<33V,1.6V<Vo<20V"ed - 19 19 ns
Cb =30 pF, Ro = 5.5 kQ

Notes 1. Supporting CSI00 and CSI20.
2. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1.
3. Use it with Vbp > Vb.

(Caution are listed on the next page.)
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(TA=-40to +85°C, 1.8 V < Vop = Vpp_RF = AVDD_RF £ 3.6 V, Vss = Vss_rrF = AVss_rr = 0 V)

(212)

Parameter

Symbol

Conditions

HS (high-speed
main) Mode

LS (low-speed main)

Mode

LV (low-voltage
main) Mode

MIN.

MAX.

MIN.

MAX.

MIN.

MAX.

Unit

Delay time from SCKpl
to SOp output "¢ * 2

tkso1

27V<Vop<3.6V
23VVWVb<27V
Cb =30 pF, Ro = 2.7 kQ

195

195

195

ns

24V <Vop<33V
1.6V<Vb<20V
Cb =30 pF, Ro = 5.5 kQ

483

483

483

ns

1.8V <Vop<3.3V
1.6 V<Vb<2.0VN\oe®
Cb =30 pF, Ro = 5.5 kQ

483

483

ns

Slp setup time
(to SCKpi) Nz

tsik1

27V<Vop<3.6V
2.3V<Wb<27V
Cb =30 pF, Ro = 2.7 kQ

44

110

110

ns

24V <Vop<33V
1.6V<Vb<20V
Cb =30 pF, Ro =5.5 kQ

110

110

110

ns

1.8V <Vop<3.3V
1.6 V<Vb<2.0VN\es
Cb =30 pF, Ro = 5.5 kQ

110

110

ns

Slp hold time
(from SCKp{) Ve

tksi1

27V<Vop<3.6V
2.3V<Wh<27V
Cb =30 pF, Ro=2.7 kQ

19

19

19

ns

2.4V <Voo<33V
1.6V<Vb<20V
Cb = 30 pF, Ro = 5.5 kQ

19

19

19

ns

1.8V<Vop<33V
1.6V<Vp<20VNe®
Cb =30 pF, Ro = 5.5 kQ

19

19

ns

Delay time from SCKpT
to SOp output "> *

tkso1

2.7V<Voo<3.6V
23V<Vb<27V
Cb =30 pF, Ro = 2.7 kQ

25

25

25

ns

24V <Vop<33V
1.6V<Vb<20V
Cb =30 pF, Ro = 5.5 kQ)

25

25

25

ns

1.8V<Von<3.3V
1.6V <Vp<2.0VNes
Cb =30 pF, Ro =5.5 kQ

25

25

ns

Notes 1.

o > w

Caution

Supporting CSI00 and CSI20.
2. Supporting CSIO0O0 only.

When DAPmMn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1.
When DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.
Use it with Vop > Vb.

Select the TTL input buffer for the Slp pin and the N-ch open drain output (Voo tolerance) mode for the

SOp pin and SCKp pin by using port input mode register g (PIMg) and port output mode register g

(POMg). For Vi1 and Vi, see the DC characteristics with TTL input buffer selected.

(Remarks are listed on the next page.)
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CSI mode connection diagram (during communication at different potential)

<Master>
SCKp
RL78
microcontroller Sip
SOp

SCK

SO

SI

User's device

Remarks 1. Ro[Q]:Communication line (SCKp, SOp) pull-up resistance, Co[F]: Communication line

(SCKp, SOp) load capacitance, Vo[V]: Communication line voltage

2. p: CSI number (p = 00), m: Unit number (m = 0), n: Channel number (n = 0), g: PIM and

POM number (g = 1)

3. fmck : Operation clock frequency of the serial array unit
(Operation clock to be set by the CKSmn bit of the serial mode register mn (SMRmn).
m: Unit number, n: Channel number (mn = 00))
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CSI mode serial transfer timing (master mode) (during communication at different potential)
(When DAPmMn =0 and CKPmn =0, or DAPmn =1 and CKPmn =1.)

tkeyl

tki tKkH1

SCKp \ \

tsika tksit

Slp Input data

tkso1

SOp Output data

CSI mode serial transfer timing (master mode) (during communication at different potential)
(When DAPmn =0 and CKPmn = 1, or DAPmn = 1 and CKPmn =0.)

tkevi

tkHL tkey

SCKp _/ I 7/

tsiky tksi1

Slp Input data

tkso1

SOp Output data

Caution Select the TTL input buffer for the Slp pin and the N-ch open drain output (Vob tolerance)
mode for the SOp pin and SCKp pin by using port input mode register g (PIMg) and port
output mode register g (POMg).

Remark p: CSI number (p = 00), m: Unit number (m = 0), n: Channel number (n = 0), g: PIM and POM
number (g = 1)
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(10) Communication at different potential (1.8 V, 2.5 V) (CSI mode) (slave mode, SCKp... external clock input)

(TA=-40to +85°C, 1.8 V < Vop = Vop_RF = AVDD_RFL 3.6 V, Vss = Vss_rRF = AVss_rFr =0 V)

(2/2)
Parameter Symbol Conditions HS (high-speed| LS (low-speed |LV (low-voltage | Unit
main) Mode main) Mode main) Mode
MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
SCKp cycle time """ | tkcvz 27V<Vop<3.6V |24 MHz < fuck 20/ - - ns
23V<Ww<27V fmek
20 MHz < fuck <24 MHz | 16/ - - ns
fmek
16 MHz < fuck <20 MHz | 14/ - - ns
fmek
8 MHz < fmck <16 MHz 12/ - - ns
fmek
4 MHz < fmek < 8 MHz 8/fmck 16/ - ns
fmek
fmek < 4MHz 6/fmck 10/ 10/ ns
fmek fmex
2.4V <Vop<3.3V | 24 MHz < fuck 48/ - - ns
1.6V<Vb<20V fmek
20 MHz < fuck <24 MHz | 36/ - - ns
fmek
16 MHz < fuck <20 MHz | 32/ - - ns
fmek
8 MHz < fwck <16 MHz 26/ - - ns
fmek
4 MHz < fuck < 8 MHz 16/ 16/ - ns
fmek fmek
fmek < 4MHz 10/ 10/ 10/ ns
fmek fmek fmek
1.8V <Vop<3.3V |24 MHz < fumck - - - ns
&-?;’ﬁv"éz-ov 20 MHz < fuck <24 MHz | — - - ns
ote
16 MHz < fuek <20 MHz - - - ns
8 MHz < fmck <16 MHz - - - ns
4 MHz < fmck < 8 MHz - 16/ - ns
fmek
fmek < 4MHz - 10/ 10/ ns
fmek fmex

(Notes and Caution are listed on the next page.)
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(TA=-40to +85°C, 1.8 V < Vop = Vpp_RF = AVDD_RF £ 3.6 V, Vss = Vss_rrF = AVss_rr = 0 V)

(212)
Parameter Symbol Conditions HS (high-speed |LS (low-speed main)| LV (low-voltage Unit
main) Mode Mode main) Mode
MIN. MAX. MIN. MAX. MIN. MAX.
SCKp high-/low-level tkH2, 27V<Vop<3.6V tkev2/2 — tkev2/2 — tkev2/2 — ns
width kL2 23V <Vp<27V 18 50 50
24V <Vop<33V tkey2/2 — tkeyv2/2 — tkev2/2 — ns
1.6V<Vb<20V 50 50 50
1.8V <Vop<3.3V - tkeva/2 — tkeva/2 — ns
1.6V<Vb<2,0V"e? 50 50
Slp setup time tsikz 27V<Vop<36V 1/ffvck + 1/fvck + 1fvck + ns
(to SCKpT)N°re? 23V<Vh<40V 20 30 30
2.4V <Vop< 3.3V 1/fmek + 1ffmck + 1ffmek + ns
1.6V<Vb<2.0V 30 30 30
1.8V <Vbp<3.3V - 1/fmek + 1/fmek + ns
1.6V<Vh<20VNre? 30 30
Slp hold time tksiz 27V<Vop<3.6V ek + 31 ok + ek + ns
(from SCKpT) 23V<\Vb<40V 31 31
24V <Vop<3.3V 1/fmek + 31 1/fme + 1/fme + ns
16V<Vb<20V 31 31
1.8 V<Vbp<3.3V - 1/fmek + 1/fmek + ns
1.6V<Vb<2,0V"e? 31 31
Delay time from SCKpl | tksoz 27V<Vmp<36V 2/fmek + 2/fmck + 2/fmek + ns
to SOp output “°*¢* 23V<VWh<2.7V 214 573 573
Cb =30 pF, Ro=2.7 kQ
24V <Vop<33V 2/fvck + 2/fvck + 2/fvck + ns
1.6V<Vpb<20V 573 573 573
Cb =30 pF, Ro = 5.5 kQ
1.8V <Vop< 3.3V - 2ffmek + 2ffmek + ns
1.6V<Vh<20VNre? 573 573
Cb =30 pF, Ro=5.5kQ

Notes 1. Transfer rate in the SNOOZE mode : MAX. 1 Mbps
2. Use it with Vop > Vb.
3. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The Slp time becomes “to SCKp{” when
DAPmMn = 0 and CKPmn =1, or DAPmn = 1 and CKPmn = 0.
4. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The delay time to SOp output becomes
“from SCKpT” when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.

Caution Select the TTL input buffer for the Slp pin and SCKp pin and the N-ch open drain output (Voo tolerance)
mode for the SOp pin by using port input mode register g (PIMg) and port output mode register g
(POMg). For Vi1 and Vi, see the DC characteristics with TTL input buffer selected.
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CSI mode connection diagram (during communication at different potential)

<Slave> Vb

g

SCKp SCK

RL78 .
microcontroller Slp SO  User device

SOp sl

Remarks 1. Ro[Q]:Communication line (SOp) pull-up resistance, Co[F]: Communication line (SOp) load capacitance,
Vo[V]: Communication line voltage
2. p: CSl number (p = 00, 20), m: Unit number, n: Channel number (mn = 00, 10), g: PIM and POM number (g =
0,1)
3. fmck: Serial array unit operation clock frequency
(Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn).

m: Unit number, n: Channel number (mn = 00, 10))
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CSI mode serial transfer timing (slave mode) (during communication at different potential)
(When DAPmn =0 and CKPmn =0, or DAPmn =1 and CKPmn =1.)

tkey2

tkee tkH2
/
SCKp .
tsik2 tksi2
Slp Input data
tkso2
SOp Output data

CSI mode serial transfer timing (slave mode) (during communication at different potential)
(When DAPmMn =0 and CKPmn =1, or DAPmn =1 and CKPmn =0.)

tkeyz

tkH2 tki2
/ /
SCKp
/ \
tsik2 tksi2
Slp Input data
tkso2
SOp Output data

Caution Select the TTL input buffer for the Slp pin and the N-ch open drain output (Vob tolerance) mode for the
SOp pin and SCKp pin by using port input mode register g (PIMg) and port output mode register g
(POMg).

Remark p: CSI number (p = 00), m: Unit number (m = 0), n: Channel number (n = 0), g: PIM and POM number (g = 1)
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(11) Communication at different potential (1.8 V, 2.5 V) (simplified ’C mode)

(TA=-40to +85°C, 1.8 V < Vop = Vop_RF = AVDD_RFL 3.6 V, Vss = Vss_rRF = AVss_rF =0 V)

(2/2)
Parameter Symbol Conditions HS (high-speed LS (low-speed LV (low-voltage Unit
main) Mode main) Mode main) Mode
MIN. MAX. MIN. MAX. MIN. MAX.
SCLr clock frequency | fscu 27V<Vop<3.6V 1000 300 300 kHz
Note 1 Note 5 Note 5
23V<Vb<27V
Cb =50 pF, Ro = 2.7 kQ
2.7V<Vop<3.6V 400 300 300 kHz
Note 1 Note 5 Note 5
23V<VWh<27V
Cb =100 pF, Rb = 2.7 kQ
2.4V <Vop<3.3V 300 300 300 kHz
Note 1 Note 1 Note 1
1.6V<Vb<20V
Cb =100 pF, Ro = 5.5 kQ
1.8V<Vop<3.3V - 300 300 kHz
Note 1 Note 1

1.6 V<Vp<2.0VNoe?
Cb = 100 pF, Ro = 5.5 kQ

Hold time when SCLr = | tiow 27V<Vopb<3.6V 475 1550 1550 ns
L 23V<Vb<27V

Cb =50 pF, Ro = 2.7 kQ
27V<Vop<3.6V 1150 1550 1550 ns
23V<Vb<27V

Cb =100 pF, Rb = 2.7 kQ
24V <Vopb<33V 1150 1550 1550 ns
1.6V<Vb<20V

Cb = 100 pF, Ro = 5.5 kQ
1.8V<Vop<3.3V - 1550 1550 ns
1.6V<Vb<2.0VNe?
Cb =100 pF, Rb = 5.5 kQ

Hold time when SCLr = | trich 27V <Vob<3.6V 200 610 610 ns
H 23V<Vb<2.7V

Cb =50 pF, Ro = 2.7 kQ
27V<Vop<3.6V 600 610 610 ns
23V<Vb<27V

Cb =100 pF, Ro = 2.7 kQ
2.4V<Vop<33V 610 610 610 ns
16V<Vb<20V

Cb = 100 pF, Ro = 5.5 kQ

1.8V<Vop<33V - 610 610 ns
1.6 V<Vb<2.0VNe?
Cb =100 pF, Rs = 5.5 kQ

(Note, Caution and Remarks are listed on the next page.)
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(TA=-40to +85°C, 1.8 V < Vbp = Vpp_RF = AVDD_RF L 3.6 V, Vss = Vss_rRF = AVss_rr = 0 V)

(2/12)
Parameter Symbol Conditions HS (high-speed LS (low-speed LV (low-voltage Unit
main) Mode main) Mode main) Mode
MIN. MAX. MIN. MAX. MIN. MAX.
Data setup time tsu:DAT 2.7V<Vop<3.6V 1/fmck + 1/fmck 1/fmck ns
- Note 3 +190 +190
(reception) 23V<Vb<27V 135 o o
Cb =50 pF, Ro = 2.7 kQ
27V<Vop<3.6V 1/fmek + 1/fmek 1/fmek ns
Notes +190 +190
23V§VbS27V 190 Note 3 Note 3
Cb = 100 pF, Ro = 2.7 kQ
24V <Vop<33V 1/fmeck + 1/fmex 1/fmex ns
Note 3 +190 +190
1.6V<Vb<20V 190 ore 3 ore 3
Cb =100 pF, R = 5.5 kQ
1.8V<Vop<3.3V - 1/fmex 1/fmex ns
16V<Vb<2.0VNe? * 190 * 190
Cb = 100 pF, Ro = 5.5 kQ
Data hold time tHD:DAT 27V<Vop<3.6V o™ | 305 o™ | 305 o™ | 305 ns
(transmission) 23V<Vb<27V
Cb =50 pF, Ro = 2.7 kQ
27 VSVDDSS,G v oNute4 355 0Nute4 355 0Nute4 355 ns
23V<Vb27V
Cb =100 pF, Ro = 2.7 kQ
24V <Vop <33V oNoed 405 oNoed 405 oNoe4 405 ns
1.6V<Vp<20V
Cb =100 pF, Rs = 5.5 kQ
1.8V <Vop<3.3V - - | o™ | 405 | 0™ | 405 ns
1.6V<Vo<2,0VNe?
Cb =100 pF, R = 5.5 kQ

Notes 1.

Caution

The value must also be fuck/4 or lower.

Use it with Vbp > Vb.

Set the fuck value to keep the hold time of SCLr = "L" and SCLr = "H".

Select the TTL input buffer and the N-ch open drain output (Voo tolerance) mode for the SDAr pin and
the N-ch open drain output (Voo tolerance) mode for the SCLr pin by using port input mode register g
(PIMg) and port output mode register g (POMg). For Vi1 and Vi, see the DC characteristics with TTL

input buffer selected.
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Simplified I°C mode connection diagram (during communication at different potential)

SDAr . SDA

RL78

. User device
microcontroller

SCLr SCL

Simplified I°C mode serial transfer timing (during communication at different potential)

1/fscL

tLow tHIGH

SCLr \ 7/

/_
SDAr

tHD:DAT tsu:paT

Remarks 1. Rb[Q]:Communication line (SDAr, SCLr) pull-up resistance, Co[F]: Communication line (SDAr, SCLr) load
capacitance, Vb[V]: Communication line voltage
2. r: IC number (r = 00, 10), g: PIM, POM number (g =0, 1)
3. fmck: Serial array unit operation clock frequency
(Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn). m: Unit number, n:
Channel number (mn = 00, 02))
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2.7.2 Serial interface IICA

(1) 1°C standard mode

(TA=-40to +85°C, 1.6 V < Vop = Vop_rF = AVbpb RF £ 3.6 V, Vss = Vss_rr = AVss_rr = 0 V)

Parameter Symbol Conditions HS (high-speed | LS (low-speed | LV (low-voltage | Unit
main) Mode main) Mode main) Mode
MIN. MAX. MIN. MAX. MIN. MAX.

SCLAO clock frequency | fsct Standard 2.7V<Vop<36V 0 100 0 100 0 100 | kHz

:id:'l Mhp [ 24VSVeo<36V 0 100 0 100 0 100 | kHz

1.8V<Vop<36V - 0 100 0 100 kHz

16V<Vop<36V - - 0 100 kHz

Setup time of restart tsu:sTA 27V<Vop<3.6V 4.7 4.7 4.7 us

condition 2.4V <Vop<36V 4.7 4.7 4.7 1S

18V<Vmm<36V - 4.7 4.7 us

16V<Vop<36V - - 4.7 7]

Hold time™*®* thosta | 27V <Vop<3.6V 4.0 4.0 4.0 s

24V <Vop<3.6V 4.0 4.0 4.0 J7s;

1.8V<Vop<3.6V - 4.0 4.0 s

16V<Vop<36V - - 4.0 us

Hold time when SCLAO = | tow 27V<Vop<3.6V 4.7 4.7 4.7 )75

L 24V <Vop<3.6V 4.7 4.7 4.7 S

1.8V<Vop<36V - 4.7 4.7 )7

1.6V<Vop<3.6V - - 4.7 s

Hold time when SCLAO = | tHich 27V<Vop<3.6V 4.0 4.0 4.0 J7s;

H” 24V <Vop<3.6V 4.0 4.0 4.0 S

1.8V<Vop<3.6V - 4.0 4.0 s

16V<Vop<36V - - 4.0 us

Data setup time tsu:paT 27V<Vop<3.6V 250 250 250 ns

(reception) 24V<Von <36V 250 250 250 ns

18V<Vmm<36V - 250 250 ns

1.6V<Vop<36V - - 250 ns

Data hold time tHD:DAT 27V<Vop<3.6V 0 3.45 0 3.45 0 3.45 )7

(transmission)"*** 24V <Voo <36V 0 | 345 | o0 | 345 | 0 | 345 | us

1.8V<Vop<36V - 0 3.45 0 3.45 us

1.6V<Vop<3.6V - - 0 345 | us

Setup time of stop tsu:sto 27V<Vop<3.6V 4.0 4.0 4.0 us

condition 2.4V <Vop<36V 4.0 4.0 4.0 1S

1.8V<Vop<3.6V - 4.0 4.0 s

16V<Vop<36V - - 4.0 us

Bus-free time tsur 27V<Vop<3.6V 4.7 4.7 4.7 )7

24V <Vop<3.6V 4.7 4.7 4.7 J7s;

18V<Vmm<36V - 4.7 4.7 )7

1.6V<Vop<3.6V - - 4.7 s

(Notes, Caution and Remark are listed on the next page.)
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Notes 1. The first clock pulse is generated after this period when the start/restart condition is detected.
2. The maximum value (MAX.) of tHopaT is during normal transfer and a wait state is inserted in the ACK

(acknowledge) timing.

Caution The values in the above table are applied even when bit 2 (PIOR2) in the peripheral I/O redirection
register (PIOR) is 1. At this time, the pin characteristics (loH1, loL1, Voni, VoL1) must satisfy the values in
the redirect destination.

Remark The maximum value of Cb (communication line capacitance) and the value of Rb (communication line pull-up
resistor) at that time in each mode are as follows.
Standard mode:Cb = 400 pF, Ro = 2.7 kQ
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(2) I°C fast mode

(TA=-401t0 +85°C, 1.8 V < Vbp = Vop_rRF = AVbp RF < 3.6 V, Vss = Vss_rRr = AVss_rr = 0 V)

Parameter Symbol Conditions HS (high-speed | LS (low-speed | LV (low-voltage | Unit
main) Mode main) Mode main) Mode
MIN. | MAX. | MIN. | MAX. | MIN. | MAX.

SCLAO clock frequency | fsct Fast mode: 27V<Vop<3.6V 0 400 0 400 0 400 | kHz
fo=35MHZ 15 4V <Von<36V 0 400 0 400 0 400 | kHz

1.8V<Vop<36V - 0 400 0 400 | kHz

Setup time of restart tsu:sTa 27V<Vop<3.6V 0.6 0.6 0.6 Hs
condition 2.4V <Vop<36V 0.6 06 0.6 LS
1.8V<Vopn<3.6V - 0.6 0.6 us

Hold time™*®* tho:sta | 27V <Vop<3.6V 0.6 0.6 0.6 s
24V<Vop<36V 0.6 0.6 0.6 us

18V<Von<36V - 0.6 0.6 1S

Hold time when SCLAO = | tiow 27V<Vop <36V 13 1.3 1.3 7
L 24V<Voo <36V 1.3 1.3 1.3 LS
1.8V<Vop<36V - 1.3 1.3 us

Hold time when SCLAO = | tricH 27V<Vop<36V 0.6 0.6 0.6 us
H’ 24V <Vop <36V 0.6 0.6 0.6 LS
1.8V<Vop<36V - 0.6 0.6 us

Data setup time tsu:pAT 27V<Vop<3.6V 100 100 100 us
(reception) 2.4V <Vop<36V 100 100 100 LS
1.8V<Vopn<3.6V - 100 100 us

Data hold time twopaT | 27V <Vop<3.6V 0 0.9 0 0.9 0 0.9 1S
(transmission)"**** 24V <Voo <36V o | o9 | o 0.9 o | 09 | s
18V<Von<36V - 0 0.9 0 0.9 1S

Setup time of stop tsu:sto 27V<Vop<3.6V 0.6 0.6 0.6 7
condition 2.4V <Vop<36V 0.6 0.6 0.6 s
1.8V<Vop<36V - 0.6 0.6 us

Bus-free time taur 27V<Vop <36V 1.3 1.3 1.3 s
24V<Vop<36V 1.3 1.3 1.3 1S

1.8V<Vop<36V - 1.3 1.3 us

Notes 1. The first clock pulse is generated after this period when the start/restart condition is detected.
2. The maximum value (MAX.) of tHo:paT is during normal transfer and a wait state is inserted in the ACK
(acknowledge) timing.

Caution The values in the above table are applied even when bit 2 (PIOR2) in the peripheral I/O redirection
register (PIOR) is 1. At this time, the pin characteristics (loH1, loL1, Voni, VoL1) must satisfy the values in
the redirect destination.

Remark The maximum value of Cb (communication line capacitance) and the value of Rb (communication line pull-up
resistor) at that time in each mode are as follows.
Fast mode: Cb =320 pF, Ro = 1.1 kQ
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3 I°C fast mode plus

(Ta=-40to +85°C, 2.7 V < Vop = Vop_rF = AVop_rF £ 3.6 V, Vss = Vss_rRr = AVss_rr = 0 V)

Parameter Symbol Conditions HS (high-speed | LS (low-speed | LV (low-voltage | Unit
main) Mode main) Mode main) Mode
MIN. | MAX. MIN. MAX. MIN. MAX.
SCLAO clock frequency | fscL Fast mode plus: | 2.7 V< Voo <3.6V 0 1000 - - kHz
fek> 10 MHz
Setup time of restart tsu:sta 27V<Vop<3.6V 0.26 - - us
condition
Hold time™°e* tho:sta | 27V <Vop<3.6V 0.26 - - s
Hold time when SCLAO = | tow 27V<Vop<3.6V 0.5 - - us
wp
Hold time when SCLAO = | tricH 27V<Vop <36V 0.26 - - 7
o
Data setup time tsu:pAT 27V<Vop<3.6V 50 - - Hs
(reception)
Data hold time thooaT | 27V <Vop<3.6V 0 0.45 - - 7
(transmission)"**® 2
Setup time of stop tsu:sto 27V<Vop<3.6V 0.26 - - us
condition
Bus-free time tsur 27V<Vop<3.6V 0.5 - - us
Notes 1. The first clock pulse is generated after this period when the start/restart condition is detected.
2. The maximum value (MAX.) of tHp:paT is during normal transfer and a wait state is inserted in the ACK

(acknowledge) timing.

Caution The values in the above table are applied even when bit 2 (PIOR2) in the peripheral I/O redirection
register (PIOR) is 1. At this time, the pin characteristics (loH1, loL1, Voni, VoL1) must satisfy the values in

the redirect destination.

Remark

resistor) at that time in each mode are as follows.
Fast mode plus:Cb = 120 pF, Rb = 1.1 kQ

SCLAN

SDAAN

tLow

tHD:sTA

IICA serial transfer timing

R

thicH  tF

tsu:paT

/

Stop
condition

Remark n=0

Start
condition

The maximum value of Cb (communication line capacitance) and the value of Rb (communication line pull-up

Restart
condition

SO

Stop
condition
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2.8 Analog Characteristics

2.8.1 A/D converter characteristics

A/D convertor characteristics category

Reference voltage Ref. voltage(+) = AVrerp Ref. voltage(+) = Voo Ref. voltage(+) = Vecr

Input channel Ref. voltage(-) = AVrerm Ref. voltage(-) = Vss Ref. voltage(-) = AVrerm

ANIO - Refer to 2.8.1 (3) Refer to 2.8.1 (4)
ANI1 -

ANI2, ANI3 Refer to 2.8.1 (1) Refer to 2.8.1 (4)
ANI16 to ANI19 Refer to 2.8.1 (2)

Internal reference voltage, Refer to 2.8.1 (1) -

Temperature sensor output voltage

(1) When reference voltage +) = AVrerr/ANIO (ADREFP1 = 0, ADREFPO = 1), reference voltage ) = AVrRerm/ANI1
(ADREFM = 1), conversion target : ANI2, ANI3, Internal reference voltage, Temperature sensor output voltage

(TA=-40to +85°C, 1.6 V < AVrerp < Vob = Vob_rF = AVop_RF £ 3.6 V, Vss = Vss_rr = AVss_rr = 0 V, Reference voltage
(+) = AVrerp, Reference voltage (=) = AVrerm = 0 V)

Parameter Symbol Conditions MIN. | TYP. | MAX. Unit
Resolution RES 8 10 bit
Overall error"®* AINL | 10-bit resolution 1.8V <AVrerp <3.6 V 1.2 | 35 | LSB

AVrere = Voo 7 1.6V < AVrerp < 3.6 V"4 12 | 70 | LSB
Conversion time teony 10-bit resolution 2.7V <AVRerr <3.6 V 3.1875 39 us
1.8V <AVRrerr < 3.6 V 17 39 us
1.6 V<AVRerpr<3.6 V 57 95 us
Zero-scale error"'** -2 Ezs 10-bit resolution . 1.8V <AVrerp < 3.6 V +0.25 | %FSR
AViere = Voo ™ 1.6 V < AVrerp < 3.6 V"4 +0.50 | %FSR
Full-scale error"*®*? Ers 10-bit resolutiNon . 1.8V <AVrerp <3.6 V 40.25 | %FSR
AVieep = Voo " 1.6V < AVrerp < 3.6 V4 +0.50 | %FSR
Integral linearity error™*®* | ILE 10-bit resolution 1.8V <AVrerp <3.6 V +25 | LSB
AVrere = Voo ¢ 1.6 V < AVrerp < 3.6 VN4 +5.0 | LSB
Differential linearity error DLE 10-bit resolution 1.8V <AVRerpr<3.6 V +1.5 LSB
el AVrere = Voo "2 1.6V < AVrerr < 3.6 /"' 20 | LsB
Analog input voltage Vain ANI12, ANI13 0 AVRrerp \%
Select internal reference voltage Veer "€ ® \Y;
2.4V <Vop £ 3.6 V, HS (high-speed main) mode
Select temperature sensor output voltage Vrmpszs V€3 \%
2.4V <Vop £ 3.6 V, HS (high-speed main) mode
Notes 1. Excludes quantization error (+1/2 LSB).
2. This value is indicated as a ratio (%FSR) to the full-scale value.
3. When AVrerp < Vob, MAX. value is following.
Overall error: +1 LSB is added to the MAX. value of AVrerp = Vob.
Zero-scale error / Full-scale error: +0.05 %FSR is added to the MAX. value of AVrerp = Vbb.

Integral linearity error / Differential linearity error: +0.5 LSB is added to the MAX. value of AVrerr = Vbb.
4. When the the conversion time is set to 57 ys (min.) and 95 ys (max.).

5. Referto 2.8.2 Temperature sensor and internal reference voltage characteristics.
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(2) When reference voltage +) = AVrerr/ANIO (ADREFP1 = 0, ADREFPO = 1), reference voltage ) = AVrerm/ANIL
(ADREFM = 1), conversion target : ANI16 to ANI19

(TA=-40to +85°C, 1.6 V < AVrerp £ Vop = Vop_rRF = AVDD_RF £ 3.6 V, Vss = Vss_rF = AVss_rF = 0 V, Reference voltage
(+) = AVrerp, Reference voltage (=) = AVRerm = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution RES 8 10 bit
Overall error*®* AINL 10-bit resolution 1.8V <AVrerr <3.6 V 1.2 +5.0 LSB

AVRerp = Vpp "¢ 3 Note 4
1.6 V<AVRrRerr <3.6 V 1.2 +8.5 LSB
Conversion time Teony 10-bit resolution 27V<Vop<3.6V 3.1875 39 us
1.8V<Vop<3.6V 17 39 us
1.6 V<AVrerr<3.6 V 57 95 us
Zero-scale error">® 12 Ezs 10-bit resolution 1.8V <AVrerr <3.6 V +0.35 | %FSR
AV - V Note 3
REFR = be 1.6 V < AVrerp < 3.6 V¢4 +0.60 | %FSR
Full-scale error*® -2 Ers 10-bit resolution 1.8V <AVrerr <3.6 V +0.35 | %FSR
AV - V Note 3
REFR = Yoe 1.6 V < AVrerp < 3.6 V¢ +0.60 | %FSR
Integral linearity error™*®* | ILE 10-bit resolution 1.8V <AVrerp < 3.6 V 135 LSB
AVRerp = Vop "¢ 3 Note 4
1.6 V<AVrerr<3.6 V +6.0 LSB
Differential linearity error **® | DLE 10-bit resolution 1.8V <AVrerp < 3.6 V +2.0 LSB
! AVeerp = Vop "3 Note 4
REFP = VDD 1.6 V<AVrerp <3.6 V"¢ 2.5 LSB
Analog input voltage Vain 0 AVRerp \%
and Voo

Notes 1. Excludes quantization error (+1/2 LSB).
2. This value is indicated as a ratio (%FSR) to the full-scale value.
3. When AVrerp < Vop, MAX. value is following.
Overall error: +4 LSB is added to the MAX. value of AVrerpr = Vbb.
Zero-scale error / Full-scale error: +0.2 %FSR is added to the MAX. value of AVrerp = Vpb.
Integral linearity error / Differential linearity error: +2 LSB is added to the MAX. value n of AVrerp = Vob.
4. When the the conversion time is set to 57 ys (min.) and 95 us (max.).
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(3) When reference voltage +) = Voo (ADREFP1 = 0, ADREFPO = 0), reference voltage ) = Vss (ADREFM = 0),
conversion target : ANIO to ANI3, ANI16 to ANI19, Internal reference voltage, Temperature sensor output

voltage

(TA=-40to +85°C, 1.8 V < Vop = Vop_rr = AVop_RF < 3.6 V, Vss = Vss_rr = AVss_rr = 0 V, Reference voltage (+) = Vo,
Reference voltage (=) = Vss)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution RES 8 10 bit
Overall error*®* AINL 10-bit resolution | 1.8V <Voo<3.6 V 1.2 £7.0 LSB

1.6 V<Vop<3.6 V"3 1.2 +10.5 LSB
Conversion time Teony 10-bit resolution | 2.7V <Vop<3.6 V 3.1875 39 us
conversion 1.8V<Vop<3.6V 17 39 us
target : ANIO to
< <
ANI3, ANI16 to 16V<Vop<3.6V 57 95 us
ANI19
10-bit resolution | 2.7V <Vop<3.6 V 3.5635 39 us
conversion
target : Internal
reference voltage,
Temperature
sensor Output 2.7V<Vop<3.6V 17 39 us
voltage (HS (high-
speed main)
Mode)
Zero-scale error"® 2 Ezs 10-bit resolution | 1.8 V<Vopo<3.6 V +0.60 | %FSR
1.6 V<Vop<3.6 V"3 40.85 | %FSR
Full-scale error® -2 Ers 10-bit resolution | 1.8V <Vop<3.6V +0.60 | %FSR
1.6 V<Vop<3.6 V"3 40.85 | %FSR
Integral linearity error™*®* | ILE 10-bit resolution | 1.8V <Voo<3.6 V +4.0 LSB
1.6 V<Vop<3.6 V"3 +6.5 LSB
Differential linearity error **® | DLE 10-bit resolution | 1.8 V<Vopo<3.6 V +2.0 LSB
1
1.6V<Vop<3.6V"re? +2.5 LSB
Analog input voltage Vain ANIO to ANI3, ANI16 to ANI17 0 Vob \%
Select internal reference voltage Veer " Y
2.4V <Vop £3.6 V, HS (high-speed main) mode
Select temperature sensor output voltage Vrmpszs "4 Y,
2.4V <Vop £3.6 V, HS (high-speed main) mode

Notes 1.

Excludes quantization error (+1/2 LSB).

2. This value is indicated as a ratio (%FSR) to the full-scale value.

3. When the the conversion time is set to 57 ps (min.) and 95 ps (max.).

4. Referto 2.8.2 Temperature sensor and internal reference voltage characteristics
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(4) When reference voltage +) = Internal reference voltage (ADREFP1 = 1, ADREFPO = 0), reference voltage ) =
AVrerm/ANIL1 (ADREFM = 1), conversion target : ANIO to ANI3, ANI16 to ANI19

(TA=-40to0 +85°C, 2.4 V < Vop = Vop_rRF = AVpD_RF < 3.6 V, Vss = Vss_rF = AVss_rF = 0 V, Reference voltage (+) = Vecr

Note3 Reference voltage (-) = AVrerm "°*# = 0 V, HS (high-speed main) mode)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution RES 8 bit
Conversion time Teony 8-bit resolution 24V<Vop<36V 17 39 us
Zero-scale error™*** %2 Ezs 8-bit resolution | 2.4V <Vop <3.6 V +0.60 | %FSR
Integral linearity error™* ILE 8-bit resolution | 2.4V < Voo <3.6 V +2.0 LSB
Differential linearity error **®* DLE 8-bit resolution | 2.4V < Voo <3.6 V +1.0 LSB
Analog input voltage Van 0 Veer"3 v

Notes 1. Excludes quantization error (+1/2 LSB).
2. This value is indicated as a ratio (%FSR) to the full-scale value.

3. Referto 2.8.2 Temperature sensor and internal reference voltage characteristics.

4. When reference voltage (-) = Vss, MAX. value is following.

Zero-scale error:

Integral linearity error:

Differential linearity error:

+0.35 %FSR is added to the MAX. value of reference voltage (-) = AVRerm.
+0.5 LSB is added to the MAX. value of reference voltage (-) = AVRerm.
+0.2 LSB is added to the MAX. value of reference voltage () = AVRerm.
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2.8.2 Temperature sensor and internal reference voltage characteristics

(TA=-401t0 +85°C, 2.4 V < Vop = Vop_RF = AVDD_RF L 3.6 V, Vss = Vss_rF = AVss_rr = 0V, HS (high-speed main) mode)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Temperature sensor output voltage | Vtves2s | Setting ADS register = 80H, Ta = +25°C 1.05 \%
Internal reference voltage VBer Setting ADS register = 81H 1.38 1.45 15 \%
Temperature coefficient Fvrves | Temperature sensor output voltage that -3.6 mV/°C

depends on the temperature
Operation stabilization wait time tamp 5 us
2.8.3 POR circuit characteristics
(TA=-40to +85°C, Vss = Vss_rF = AVss_rr = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Detection voltage VPoR Rise time 1.47 1.51 1.55 \%
VPDR Fall time 1.46 1.50 1.54 \%
Minimum pulse width"°*® Tew Other than STOP/SUB_RUN/SUB_HALT 300 us

Note This is the time required for the POR circuit to execute a reset operation when Voo falls below Vror. When the
main system clock (fwain) has been stopped by setting bit 0 (HIOSTOP) and bit 7 (MSTOP) of the clock operation
status control register (CSC) or when the microcontroller enters STOP mode, this is the time required for the POR
circuit to execute a reset operation between when Voo falls below 0.7 V and when Voo rises to Vror or higher.

Tew

Supply voltage (Voo)

Vepr Or 0.7 V

R0O1DS0258EJ0110 Rev.1.10 Page 62 of 74
Sep 25, 2015
P RENESANAS



RL78/G1D 2. ELECTRICAL SPECIFICATIONS

2.8.4 LVD circuit characteristics

LVD Detection Voltage of Reset Mode and Interrupt Mode
(Ta=-40to +85°C, Vror < Vop = Vop_RF = AVDD_RF £ 3.6 V, Vss = Vss_rrF = AVss_rr = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Detection Supply voltage Viviz Power supply rise time 3.07 3.13 3.19
voltage Power supply fall time 3 3.06 3.12 Y,
Vivi Power supply rise time 2.96 3.02 3.08 \%
Power supply fall time 2.9 2.96 3.02 \%
Vivia Power supply rise time 2.86 2.92 2.97 \%
Power supply fall time 2.8 2.86 291 \%
Vivis Power supply rise time 2.76 2.81 2.87 \%
Power supply fall time 2.7 2.75 2.81 \%
Vivie Power supply rise time 2.66 2.71 2.76 \%
Power supply fall time 2.6 2.65 2.7 \%
Viviz Power supply rise time 2.56 2.61 2.66 \%
Power supply fall time 2.5 2.55 2.6 \%
Vivis Power supply rise time 2.45 25 2.55 \%
Power supply fall time 2.4 2.45 2.5 \%
Vivie Power supply rise time 2.05 2.09 2.13 \%
Power supply fall time 2 2.04 2.08 \%
Vwivizo Power supply rise time 1.94 1.98 2.02 \%
Power supply fall time 1.9 1.94 1.98 \%
Vivina Power supply rise time 1.84 1.88 1.91 \%
Power supply fall time 1.8 1.84 1.87 \%
Vivitz Power supply rise time 1.74 1.77 1.81 \%
Power supply fall time 1.7 1.73 1.77 \%
Viviis Power supply rise time 1.64 1.67 1.7 \%
Power supply fall time 1.6 1.63 1.66 \%
Minimum pulse width Tw 300 us
Detection delay time 300 us
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LVD Detection Voltage of Interrupt & Reset Mode
(TA=-40to +85°C, 1.6 V < Vbp = Vpp_RF = AVDD_RF L 3.6 V, Vss = Vss_rRF = AVss_rr = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Interrupt and VLvbao Vpocz, Vroci, Vroco = 0, 0, 0, falling reset voltage 1.60 1.63 1.66
reset mode Vivoat LVIS1, LVISO =1, 0 Rising release reset voltage 1.74 1.77 1.81 \Y
Falling interrupt voltage 1.70 1.73 1.77 \
Vivoaz LVIS1, LVIS0 =0, 1 Rising release reset voltage 1.84 1.88 191 \%
Falling interrupt voltage 1.8 1.84 1.87 \
Vivoas LVIS1, LVIS0 =0, 0 Rising release reset voltage 2.86 2.92 2.97 \%
Falling interrupt voltage 2.80 2.86 291 \
VLvbBo Vpocz, Vroci, Vroco = 0, 0, 1, falling reset voltage 1.80 1.84 1.87 \
Vivoe1 LVIS1, LVIS0O=1,0 Rising release reset voltage 1.94 1.98 2.02 \
Falling interrupt voltage 1.90 1.94 1.98 \
Vivoe2 LVIS1, LVISO =0, 1 Rising release reset voltage 2.05 2.09 2.13 \%
Falling interrupt voltage 2.00 2.04 2.08 \
Vivoes LVIS1, LVIS0=0,0 Rising release reset voltage 3.07 3.13 3.19 \
Falling interrupt voltage 3.00 3.06 3.12 \
VLvbco Vrocz, Vroci, Veoco = 0, 1, 0, falling reset voltage 2.40 2.45 2.50 \
Vivoer LVIS1, LVISO =1, 0 Rising release reset voltage 2.56 2.61 2.66 \%
Falling interrupt voltage 2.50 2.55 2.60 \
Vwivoe LVIS1, LVIS0O =0, 1 Rising release reset voltage 2.66 271 2.76 \%
Falling interrupt voltage 2.60 2.65 2.70 \
VLvbbo Vrocz, Vroci, Veoco = 0, 1, 1, falling reset voltage 2.70 2.75 2.81 \
Vivop1 LVIS1, LVIS0O=1,0 Rising release reset voltage 2.86 2.92 2.97 \
Falling interrupt voltage 2.80 2.86 291 \
Vivop2 LVIS1, LVISO =0, 1 Rising release reset voltage 2.96 3.02 3.08 \%
Falling interrupt voltage 2.90 2.96 3.02 \
2.8.5 Supply voltage rise time
(Ta =-40to +85°C, Vss = Vss_rRr= AVss_rr= 0 V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Voo rise slope Svob 54 Vims

Caution Make sure to keep the internal reset state by the LVD circuit or an external reset until Voo reaches the
operating voltage range shown in 2.6 AC Characteristics.
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2.9 RF Transceiver Characteristics

2.9.1 RFtransmission characteristics
Unless specified otherwise, the measurement is performed by our evaluation board.

(Ta = +25°C, Vop = Vop_rr = AVop_rr = 3.0 V, f = 2440 MHz, Vss = Vss_rr = AVss_rrF = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
RF frequency range | RFcr 2402 2480 MHz
Data rate RFpaTA 1 Mbps
Maximum transmitted | RFrower | RF output pin RF low power mode -18 -15 -12 dBm
output power RF normal mode -3 0 3 dBm
RF high performance -3 0 3 dBm
mode
Transmitted output RFrxpow | O, -1, -2, -7, -10, -15 dBm -15 0 dBm
power setting

Spurious radiation RFrxsp 30 to 88 MHz -76 -55 dBm
88 to 216 MHz -76 -52 dBm
216 to 960 MHz -74 -49 dBm
960 to 1000 MHz -74 -30 dBm
1t012.75 GHz -42 -41 dBm
1.8t01.9 GHz -73 -47 dBm
5.15t0 5.3 GHz -71 -47 dBm
Harmonics RFrxHc1 2" Harmonics -52 -41 dBm
RFmxicz | 3" Harmonics -51 -41 dBm
<R> Frequency tolerance | RFrxrerr -30 +30 ppm

Impedance RFz1 50+j0 Q

Caution Install EMI countermeasures as required to prevent EMI effects of the RF transmission characteristics.
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29.2 RF reception characteristics
Unless specified otherwise, the measurement is performed by our evaluation board.

(Ta =+25°C, Vob = Vop_rr = AVop_rF = 3.0 V, f = 2440 MHz, Vss = Vss_rr = AVss_rF = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
RF input frequency RFRXFRIN 2402 2480 MHz
Maximum input level RFLevL PER <30.8% RF low power mode -10 0 - dBm
RF input pin RF normal mode -10 1 - dBm
RF high performance mode -10 1 - dBm
Receiver sensitivity RFsty PER <30.8% RF low power mode - -60 -50 dBm
RF normal mode - -90 -70 dBm
RF high performance mode - -92 -70 dBm
Secondary radiation RFrxsp 30 MHz to 1 GHz - =72 -57 dBm/
100 kHz
1 GHz to 12 GHz - -57 -54 dBm/
100 kHz
Common channel RFccr PER <30.8%, Prf =-67dBm -21 -12 - dB
rejection ratio
<R> Adjacent channel RFabcr PER <30.8% +1 MHz -15 -5 - dB
rejection ratio Prf=-67dBm | 5 MHz 17 29 } dB
+3 MHz 27 34 - dB
<R> Blocking RFeLk PER <30.8% 30 MHz - 2000 MHz -30 -13 - dB
Pri=-67dBm | 000 MHz to 2399 MHz -35 -30 - dBm
2484 MHz to 3000 MHz -35 -30 - dBm
> 3000 MHz -30 -17 - dBm
<R> Frequency tolerance RFrxrerr | PER < 30.8% -250 +250 kHz
RSSI accuracy RFrssis Ta=+25°C, -70 dBm < Prf <-10 dBm -4 0 4 dB
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2.9.3 Performance mapping for typical RF (Reference)

(1) Peak Current during RF Transmission
Unless specified otherwise, the measurement is performed by our evaluation board.
Current consumption is not including MCU unit.

::; Typical Temperature Characteristics of the DCDCon
crerence Peak Current during RF Transmission = DCDC off
10
<R> g VDD_RF =3.0VPOWER =-1dBm
8
7
= 6
E
a
E 4 e ——
3
2
1
0
-h0 -a0 =10 0 an 1] n an
Temperature ['C]
— -15dBm
;0; Typical Characteristics of Voltage
ererence for RF Transmission at Peak Current “7dBm
10 - 1dBm
<R> 3 T, = +25°C, DC-DC on I
8
7
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£
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0
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Voltage [V]
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For Typical Characteristic of Transmission Power —RL78/G1D
Reference during RF Transmission at Peak Current
<R> 12 Vpp re = 3.0V, Ty = +25°C
g
7
T 6
Es
8 . —
3 ——
2
1
o
=20 -1% -16 -4 -12 =10 -8 -f -4 -2 I 2
TX POWER [dBm]
(2) Peak Current during RF Reception
Unless specified otherwise, the measurement is performed by our evaluation board.
Current consumption is not including MCU unit.
::;erenl:e Typical Temperature Characteristics of the ——Dcbeon
Peak Current during RF Reception = DCDC off
<R> 12 Vop re = 3.0 V
2
7
= 6
Es
8 .
3
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1
0
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Temperature ['C]
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::;Ereme Typical Characteristics of Voltage for ——RL78/G1D
RF Reception at Peak Current
<R> 1: A =+25°C
g
7
T 6
E ; —
g8 s \_
3
2
1
0
15 18 2 2 34 26 28 3 82 34 36 3%
Voltage [V]

(3) RF Output Power during Transmission
Unless specified otherwise, the measurement is performed by our evaluation board.

Current consumption is not including MCU unit.

For Typical Temperature Characteristics of the RL78/G1D
Reference Output Power during RF Transmission
3
<R> Voo e = 3.0V, f = 2402 MHz

2

[
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\

TX POWER [dBm]
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=
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::'; Typical Characteristics of Voltage for RL78/61D
ererence Output Power during RF Transmission
3
<R> Ta = +25°C, f = 2402 MHz
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For Typical Frequency Characteristic for Qutput RL78/G1D
Reference . ..
Power in RF Transmission
3
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(4) RF Reception Sensitivity
Unless specified otherwise, the measurement is performed by our evaluation board.
Current consumption is not including MCU unit.

For Typical Characteristic for Sensitivity vs. RL78/61D
Reference . .
Temperature in RF Reception
-B6
<R> Voo re = 3.0V, f = 2440 MHz
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;D; Typical Characteristic for Sensitivity vs. RL78/G1D
ererence Voltage in RF Reception
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2.10 RAM Data Retention Characteristics

(Ta = -40 to +85°C)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Data retention supply voltage VDoDR 1.46M 3.6 \Y

Note The value depends on the POR detection voltage. When the voltage drops, the data is retained before a POR
reset is effected, but data is not retained when a POR reset is effected.

STOP mode Operation mode

RAM data retention ——»

T VoDDR

STOP instruction execution

Standby release signal
(interrupt request)

2.11 Flash Memory Programming Characteristics

(TA=-40to +85°C, 1.8 V < Vop = Vop_RF = AVDD_RFL 3.6 V, Vss = Vss_rRF = AVss_rFr = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
CPU/peripheral hardware clock | fcx 1.8V<Vop<36V 1 32 MHz
frequency
Number of code flash rewrites Cerwr Retained for 20 years, Ta = 85°C 1,000 Times
Notes 1, 2,3
Number of data flash rewrites Retained for 1 year, Ta = 25°C 1,000,000 Times
e hes Retained for 5 years, Ta = 85°C 100,000 Times

Retained for 20 years, Ta = 85°C 10,000 Times

Notes 1. 1 erase + 1 write after the erase is regarded as 1 rewrite. The retaining years are until next rewrite after the
rewrite.
2. When using flash memory programmer and Renesas Electronics self programming library
3. This shows the flash memory characteristics. This is a result obtained from Renesas Electronics reliability test.

2.12 Special Flash Memory Programming Communication (UART)

(TA=-40to +85°C, 1.8 V < Vbp = Vpp_RF = AVDD_RF L 3.6 V, Vss = Vss_rRF = AVss_rr = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Transfer rate When programming of flash memory 115,200 1,000,000 bps
R0O1DS0258EJ0110 Rev.1.10 Page 72 of 74
Sep 25, 2015

RENESAS



RL78/G1D 2. ELECTRICAL SPECIFICATIONS

2.13 Timing of Entry to Flash Memory Programming Modes

(TA=-40to +85°C, 1.8 V < Vop = Vop_RF = AVDD_RFL 3.6 V, Vss = Vss_rRF = AVss_rFr =0 V)

Parameter Symbol Conditions MIN. MAX. Unit
Time to complete the communication for the initial | tsuinir POR and LVD reset must be released 100 ms
setting after the external reset is released before the external reset is released.
Time to release the external reset after the TOOLO | tsu POR and LVD reset must be released 10 us
pin is set to the low level before the external reset is released.
Time to hold the TOOLO pin at the low level after | tip POR and LVD reset must be released 1 ms
the external reset is released before the external reset is released.
(excluding the processing time of the firmware to
control the flash memory)

A
B v
v

A

o= N

Y

A

w

v

A

RESET /

1 723 ms + trp
1 processing
! time .
~——— 1-byte data for setting mode

] E Y

TOOLO

tsuiNniT

<1> The low level is input to the TOOLO pin.

<2> The external reset is released (POR and LVD reset must be released before the external
reset is released.).

<3> The TOOLDO pin is set to the high level.

<4> Setting of the flash memory programming mode by UART reception and complete the baud
rate setting.

Remark tsuinit: Communication for the initial setting must be completed within 100 ms after the external reset is
released during this period.
tsu: Time to release the external reset after the TOOLO pin is set to the low level
tHD: Time to hold the TOOLO pin at the low level after the external reset is released (excluding the processing
time of the firmware to control the flash memory)
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3. PACKAGE DRAWINGS

3.1 48-pin plastic WQFN (6 x 6)

JEITA Package Code RENESAS Code Previous Code MASS (Typ) [g]
P-HWQFN48-6x6-0.40 PWQNOO048LB-A - 0.07
Unit: mm
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EEPROM is a trademark of Renesas Electronics Corporation.

SuperFlash is a registered trademark of Silicon Storage Technology, Inc. in several countries including the United
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Caution: This product uses SuperFlash® technology licensed from Silicon Storage Technology, Inc.
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NOTES FOR CMOS DEVICES

(1) VOLTAGE APPLICATION WAVEFORM AT INPUT PIN: Waveform distortion due to input noise or a
reflected wave may cause malfunction. If the input of the CMOS device stays in the area between VIL
(MAX) and VIH (MIN) due to noise, etc., the device may malfunction. Take care to prevent chattering noise
from entering the device when the input level is fixed, and also in the transition period when the input level
passes through the area between VIL (MAX) and VIH (MIN).

(2) HANDLING OF UNUSED INPUT PINS: Unconnected CMOS device inputs can be cause of malfunction. If
an input pin is unconnected, it is possible that an internal input level may be generated due to noise, etc.,
causing malfunction. CMOS devices behave differently than Bipolar or NMOS devices. Input levels of
CMOS devices must be fixed high or low by using pull-up or pull-down circuitry. Each unused pin should be
connected to VDD or GND via a resistor if there is a possibility that it will be an output pin. All handling
related to unused pins must be judged separately for each device and according to related specifications
governing the device.

(3) PRECAUTION AGAINST ESD: A strong electric field, when exposed to a MOS device, can cause
destruction of the gate oxide and ultimately degrade the device operation. Steps must be taken to stop
generation of static electricity as much as possible, and quickly dissipate it when it has occurred.
Environmental control must be adequate. When it is dry, a humidifier should be used. It is recommended
to avoid using insulators that easily build up static electricity. Semiconductor devices must be stored and
transported in an anti-static container, static shielding bag or conductive material. All test and measurement
tools including work benches and floors should be grounded. The operator should be grounded using a wrist
strap. Semiconductor devices must not be touched with bare hands. Similar precautions need to be taken
for PW boards with mounted semiconductor devices.

(4) STATUS BEFORE INITIALIZATION: Power-on does not necessarily define the initial status of a MOS
device. Immediately after the power source is turned ON, devices with reset functions have not yet been
initialized. Hence, power-on does not guarantee output pin levels, 1/O settings or contents of registers. A
device is not initialized until the reset signal is received. A reset operation must be executed immediately
after power-on for devices with reset functions.

(5) POWER ON/OFF SEQUENCE: In the case of a device that uses different power supplies for the internal
operation and external interface, as a rule, switch on the external power supply after switching on the internal
power supply. When switching the power supply off, as a rule, switch off the external power supply and then
the internal power supply. Use of the reverse power on/off sequences may result in the application of an
overvoltage to the internal elements of the device, causing malfunction and degradation of internal elements
due to the passage of an abnormal current. The correct power on/off sequence must be judged separately
for each device and according to related specifications governing the device.

(6) INPUT OF SIGNAL DURING POWER OFF STATE : Do not input signals or an 1/O pull-up power supply
while the device is not powered. The current injection that results from input of such a signal or I/O pull-up
power supply may cause malfunction and the abnormal current that passes in the device at this time may
cause degradation of internal elements. Input of signals during the power off state must be judged
separately for each device and according to related specifications governing the device.
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